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NOTENS

The term “specificarion’ relates
here to any national or
international specification(s),
cliens specification(s), fob
specification(s) and welding
procedure specificarion(s)

UNIT W e THIE ROLE OF THE WELDING INSPECTOR

Overview

It is not a requirement for a welding inspector to be able to weld, neither does a
welding inspector require an in depth knowledge of welding engineering, although
some specific knowledge in these areas is essential. For certain contracts it is also
necessary for a welding inspector to have a good working knowledge of other related
subjects, ¢.g. radiographic interpretation and post-heat treatment.

The presence of welding inspectors during welding will almost certainly reduce the
number of weld defects and metallurgical problems which could otherwise occur,
which will in turn, reduce the overall number of failures in service. When an item has
failed, it usually means that cracking or fracture has taken place,

There are many types of cracks associated with welds, some of which may initiate at
the time of welding (process cracks) or years later (in-service cracks). In both these
cases, stresses, metallurgical problems and existing weld defects may have contributed
to the cause of the cracking.

e —
Inspection philosophy

" The duties of inspection personnel are essentially those inspection duties which the
. client or employer wants them to perform, A significant problem in industry is that

different organisations use inspection personnel in different ways, or use inspectors for
functions additional to inspection. For some, this has led to a misunderstanding as to
the defined role of inspecrion.

The definition of inspection to EN 28402 : 1991 : Quality Vocabulary - "Activities
such as measuring, examining, lesting, gauging one or more characteristics of a
product or service and comparing these with specified requirements to determine
conformity.”

The definition of inspection to EN 45020 : 1993 : Standardization and Related
Activities - "Evaluation for conformity by measuring, observing, testing or gauging
the relevant characteristics.” ... "Evaluation for conformity” is defined in the standard
as: “Systematic examination of the extent to which a product, process or service fulfils
specified requirements. "

Inspection may be performed for fitness for purpose or quality control purposes, and
may be carried out by the contractor, the client or a third party.

Inspection is not supervision and inspection is not a substitute for supervision.

It is not the duty of an inspector to deviate from specified requirements; generally
speaking, if the specification is inadequate the work will be inadequate. Inspector
qualification schemes do not require, or test for, a sufficient depth of engineering,
technology or design knowledge which would enable an inspector to pass judgement on
the correctness of an application specification. It could be argued that experienced
senior inspectors may be in a position to take certain engineering decisions, but it is
dangerous to generalise on this point.

An inspector (working solely as an inspector) is not there to provide solutions to
problems.

Inspectors are taught never to deviate from the agreed specifications unless given
written permission to do so from the client or supervisor.

Accurate reporting needs highlighting as an important duty for any inspector, but what
constitutes a correct report can differ between organisations and projects. Who the
inspector actually reports to is also an important consideration.
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It should be made clear to all workers, including inspectors, as to what is expected from
them for the activities they ‘are to perform - this is a basic quality assurance
requirement. l
This is not to say an inspector should not perform duties outside the scope of
inspection, this may be acceptable providing the person is competent to perform the
work and providing it has been made clear what is required from the outset. I

e —
Specific duties of a Welding Inspector l

The main duty of a welding inspector is to check that all the welding and associated
actions are carried out in accordance with the requirements of the agreed welding l
specification(s) relevant to the contract or work being carried out.

It is important for a welding inspector to know where to find relevant information,
interpret the information and understand it. '

Duties prior to welding:

1. Obtain all relevant documentation or ensure access to it;
a.  relevant specification(s);
b. relevant procedures; .
c.  copies of welders test centificates (where applicable);
d.  copies of drawings (where applicable).

Ensure welder qualification.

Correct material-type, condition, size (pipe/plate etc.).

Correct consumables—type, condition, size (filler material, gas, inserts etc.).
Correct equipment—certified where necessary.

Correct preheat (where applicable)

Assess/measure fit-up:

root face,
bevel angle,

root gap,

alignment,
seam offset (where applicable),
joint cleanliness.

Correct environment.
Ensare no undue stress is applied to the joint.

Duties during welding:
Check amperage, voltage, polarity.
Ensure correct welding technique—weld direction, run sequence.
Check welding time—time lapses and/or run out lengths (r.0.1.’s).
Ensure adequate cleaning between passes.
Correct interpass temperatures-minimum and/or maximum.
Check root intemnally (pipes) where access permits.

Check back gouged welds - amount gouged, shape of gouge, cleanliness of gouge
(where applicable}.

© Roane & TP O'Nelll
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Visual inspection of weld for defects, e.g. undercut, overlap, surface porosity,
incompletely filled groove etc..

Visual check for arc strikes.
Check weld contour and weld width.

Ensure joint is covered with heat resistant material to retard cooling rate (where
applicable).

Inspect/monitor post-heat treatment (where applicable).

Report on weld.
Check NDT reports-tie up with NDT (where applicable),

i ———

Equipment used for welding inspection

The equipment a welding inspector will need to carry out inspection will depend partly
on the work which is to be performed. For example, a welding inspector will not
require a fillet weld gauge if only butt welds are being made. The client or
specification will also determine the equipment to be used, e.g. a portable arc
monitoring unit (PAM unit} may be used to measure and record amperage and voltage
instead of a hand held voltmeter and ammeter. The equipment which may be used by a
welding inspector is listed below:

Steel rule.

Flexible tape measure.

Temperature indicating crayons or thermocouple (pyrometer).

Bevel angle gauges.

Root gap gauges.

Fillet weld gauges for leg length and throat thickness.

Misalignment gauge.

Voltmeter.

Ammeter.

Polarity indicator.

Height/depth gauge.

Contour gauge,

Torch or other light source.

Modelling clay or resin.

Magnifying glass - 5x magnification.

Marking crayon or paint stick.

PeRFrFY TR MmoAN T
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A senior welding inspector may be required to manage and ‘control an inspection

contract, to lead a team of welding inspectors who will look to him for guidance,
especially on subjects of a technical nature, The SWI will be expected to give advice,
handle problems, take decisions and lead from the front. The SW1 will therefore
require leadership skills in addition to technical skills and cxpericnce.

Leadership requirements

Technical skills can nomnally be taught to the full in the classrooin, however,
leadership skills may be taught to some extent in the classroom, but are an inherent
part of an individual's character and temperament, and therefore must be fine tuncd
by practical application.
Leadership requirements include:

a.  the willingness and ability to accept orders from senior staff and to act in the
- " manner prescribed;

b.  the willingness and ability to give orders in a clear, concise, verbal or written
————= manner, which will enable the recipient to carry out the action(s) required
with full confidence, i.e. leaving no doubt as to what is required:
the willingness 10 stand up and be counted, not only for a job well done, bu
also when things go wrong, perhaps due to your direction. or lack of it:
the capability to listen, if and when explanations are necessary for any reason,
and to follow up with constructive reasoning and advice;
the wiilingness to fet your staff get on with the job and 1o trust them to act in a
professional manner whilst you stay in the background managing;
the ability to back up members of your team. whether technically,
administratively or otherwise, as and when required:

Technical skills for an SWI

Knowledge of technology
Welding technology knowledge required for an SWI is similar to that required for a
welding inspector but with some additional scope and depth. Additiona knowledge is
required in the following areas:
4. Commonly used NDT techniques (a good appreciation required).
b.  Radiographic interpretation.
¢.  QA/QC knowledge.
d.  Basic metallurgy of commonly welded materials including assessment of
<) fracture surfa gL ‘1
Basic Kaowleslge feading :
Knowlefige of normativ:fdocumeﬁts fawngs
Except when taking examinations, welding inspectors of any level would not be
expected to memorise the content of normative documents (specifications, codes of
practice etc.} in use. At the workplace the specified normative documents should all
be available: the SWI would be expected to read, undersiand and apply them with the
necessary level of precision and direction required. :
The SWI should be aware of common standards applied in the welding industry, these
include:
a.  Standards for welding procedure approval:
BS EN 288, ASME IX.
b.  Standards for welder approval:
BS EN 287, BS 4872, ASME [X.
Standards for quality of fabrication:
BS 2633. BS 5500. AWS D1.1. ASME VIII.

4 Runese & T P O Neill
Iasur | 22 0areg




Feowall UNIT W1S ¢ KNOWLEDGE REQUIRED - SW]
d.  Standards for constemables:
.BS 639, BS 2901, BS 4165. AWS AS.1.

Knowledge of planning '
Planming will be required for all phascs of a contract from inceplion 10 complction,
Planning for inspection would usually relate to the following arcas as a wnémm:

Pre-contritct—job requircments; aflocation of correet staff: collection of codes,
drawings and other technical data; gencral administrative WTANRCMCNTS; work
schedule,

In-contract-application of actual inspection and production of docuneniation,
¢.g. oquipient required. personnel  approvals (welding/NDT cte.), procedure
approvals (weld/NDT ct1c.): inspection and testing of componenis. )
Post-contract—compilation of all test data, inspection repons and certification.

Theve are various ways for dealing with the planning function for inspection: methogds
include:

4. Place an inspector permancently at the work place and expeet him 1o use hiy
time in a uscful and expedient manner.

b.  Use chants which define job function(s) and cstimated work time. This may
reduce the actual inspection hours roquired bur requires greater mobility and
more cffort from the inspector. .

Make a detailed asscssment of the overaf] production plan. This may be done
by the use of forward scheduling (network planning) which may take the fonn
of critical path analysis (CPA), or programme evaluarion review rechnigque
(PERT). Boih techniques use the same principal of dcfining the sequence of
operations by means of a network of links or arrows. Altermatively a
teehnique known as reverse scheduling may be used in which the complction

datc for the last operation is determined and then all other operafions are
worked back from it each with their own target date,

Knowledge of organisation

Organisational skills are necessary to ensure that the inspection requirements of any
plan can be met on time using the correct personnel for the job. This may require
individuals being assessed for technical, physical and mental abilities to casure thar
they are able 10 perfonn the tasks required, as well as ensuring their actual availability

at the time required and the supervising/monitoring of their actions 10 completion of
the contract.

Knowledge of auditing

The teom audit basically mcans 1o check a

gainst documented criteria. Auditing may
take place at any phase in a contract:

4. pre-production. ¢.g. may assess ability/qualification of staff: staff availability;
plinned work scheduling,
in-productione.z. may asscss whether specifications arc being adhered (o,
€. post-production. c.g.may assess the overall standards of welding  and
inspection.
The actual andit may involve

b,

detailed cheeks of a very linited arca of inspection (0
cosure that the documentnion produced meets the requirements of the specification,
Aliernatively, an overall check of the inspection function may be made where, for
oNinple, the content of a particular file is examined for proesentation and content.
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The Duties of the Welding Inspector:

My duties as a weld'ing Inspector are involved before, during and after welding.

Before welding:

all applicable documents are checked;

application standard is up-to-date with the latest edition, revision or amendment;

the drawings is clear and issue number is marked;

welding procedure sheets (spec:ﬁcatmns) is available and has been approved as required by the
authority and is employed in productlon

welder qualifications with identification and range of approval are verified and that only approved
welders as required are used in production;

safety permits such as gas free (entering enclosed space) certificate, hot work permit are available
and valid; ' _
calibration certificates, material certificates (mill sheets) and consumer certificates are available;
quality plan is authorized and endorsed with signature, date and company stamp;

parent material identification is verified against documentation and markings;

material composition, type and condition are checked,

identification of welding consumables such as electrodes, special drying requirements for
electrodes, filler wires, fluxes, shielding and backing gases are verified correct;

-plant and equipment are in safe condition and adequate for job;

correct methods are applied in cutting and machining;

dimensions, tolerances, preparation, fit-up and alignment are in accordance with the approved
drawings;

cleanliness is maintained;

preheating for any tack welding is in accordance with specified procedure;

I

During welding:

welding processes such as root pass and tack welds must be monitored and inspected-
welding should be completed without undue interruption and wnh:n specified period;

hot pass niwust be timed,;

essential variables such as current, voltaae travel speed and number of runs must be moniiorad;
inter pass cleaning, temperature and run sequence should be inspected (roving inspection).
welding i5 in compliance with welding proczdure shest and application standard.

Afler welding:

-

dimensional accuracy must be checked;

visual inspection is carried out to ascertain acceptability of appearance of welds,
post welding heat treatment if any should b2 monitored and recorded;

NDT report is assessed;

delayed inspection is carried out 72 hours later to check hydrogen (H:) cracking;
factors influencing the formation of weld dzfects and rheir acceptability in relation to the written
specification are appreciated;

if repairs are required then

~+ procedures and welder codes should be authornized:

= defect area should be marked out positively and clearly;

- partial and fully removal should be moaitored with visual inspections and NDT;
= re-welding should be monitored and re-inspacted(visual and NDT).

Collate all documents and reports, pass on for final inspection, approval and storage.
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Senior Welding Inspector

General Theory (Situations) - QP-S1

. You are an SWI who has taken over from an SWI who has been on site for a few months.
It becomes obvious that there is a complete lack of morale amongst your inspectors but
they do not approach you to discuss any grievance. What would be your approach to the
situation?

You are an SWI responsible for a team of welding inspectors who have been on-site for
two months. A welding inspector who has been on site for only one week informs you
that the contractor has approached him with an offer of money in return for "turning a
blind eye" when certain welding work is being performed. Discuss your possible course
of action.

You are the SWI working on behalf of a client on project to build an offshore platform.
You discover that one of the welding inspectors, supplied from a different agency, who
has been on the site for one week, does not hoid a valid welding inspector approval.
State the actions that you would take.

You are the SWI on a pipeline project. The radiographic interpreter informs you that he
believes that the same weld has been radiographed with different weld numbers on a
number of occasions and the radiographs have been submitted. What action do you take?

You are the SWI who is required to visit a factory where a number of pressure vessels
have just been manufactured and inspected by your inspection team. The client requires
the vessels to be signed off by you What questions do you ask, what information do
you require and what random checks (if any) do you make before signing off?

You visit a fabrication company as an SWI on behalf of a client and you discover in a
welder's electrode quiver a number of incorrect electrodes among the correct ones which
are very different to those specified for the item being welded. The welder states that he
only uses the correct electrodes. State your course of action.

P
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 GUANCE For SrruaTion QUESTIONS (SWI)

The low morale but absence of grievances could arise from:
a. no real grievances, :

b. fear of approach to SWI because of personality etc.,

c. fear of losing job.

Suggested approach:

Hold meeting to review recent activities.
Identify significant problems.

Seek suggestions to tackle problems.
Assign inspectors to tackle problems.
Hold follow-up meetings.

Show enthusiasm.

This problem has serious legal implications and it must be approached cautiously.
Ask the inspector for a brief written report of the approach.

Identify the items that might be involved.

Inform SWI's supervisor and hold meeting of supervisor, inspector and SWIL.

Assign yourself to the items in question and be especially vigilant for defective work.
Transfer inspector to other work on project.

Remove inspector. notify agency and suggest re-certification of inspector.

Notify your supervisor. .

Identify all work approved by non-valid inspector.

Stop further work on those items and repeat certification procedures with valid inspector.

Recall all radiographs and certificates.

Notify supervisor.

Have independent interpretation made of al radiographs.

If radiographs have been duplicated. identify source of duplication and take disciplinary
action.

Repeat all required radiographs.

Request welding engineer to check suitability of steels, welds etc, against client
specification.

Use checklist for SWI actions. :

Check random vessel to ensure complete compliance of certification with client
specification. -

Stop all weldi:é work and check for other incorrect electrodes.
Investigate the procedures for issue of electrodes.

If procedure is inadequate, stop all welding and notify client.

If procedure is adequate, identify all welds made by the welder in question.
Ask for replacement of that welder.

Consult welding engineer to determine corrective action.

Replace all welds made by that welder.
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Types of joint preparation
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Weld positions

The following tenms and their definitions are in accordance with BS 499 : Pary | .
1991:

. Weld slope: In the case of straight welds, the angle between the roo line and

the positive x-axis of the horizontal reference plane. The slope is measured in -
mathematically positive, i.e. counterclockivise direction.

Weld rotation: The angle between the centreline of the weld {i.e. the.line
joining the centres of the weld root at the capping layer) and the positive z axis
or a line parallel to the y axis, measured in the mathematically positive {j.e.
counter-clockwise) direction in the plane of the transverse cross section of the

weld in question.
Welding position: The orientation of a weid expressed in terms of working
position, weld slope and weld rotation,

Flat position: A welding position in which the welding is horizontal with (he
centreline of the weld vertical.

Horizontal vertical position: A welding position in which the welding is ;
horizontal. ' i
I

Horizontal position: A welding position in which (he welding is horizontal
with the centreline of the weld horizontal.

Horizontal overhead position: A welding position in which the welding is '
horizontal and overhead.

Overhead position: A welding position in which the welding is horizontal and
overhead with the centreline of the weld vertical.

Vertical up position: A welding position in which the welding is upwards.

Vertical down position: A welding posotion in which the welding is
downwards.

Inclined position: Any welding position not defined by the above positions.
The inclined position is defined by slope and rotation.

Horizontal verticgl Horizonlal verlica!
P8 -

Hor:izontal t
PC P Horizonta

PO
Horizontal overhead Horizontal gverhead

O Rusne & T F O'Neill
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Table 1. Terms and symbols for main welding positions®

Terms Symbol Wald slope Weld rotation
s R

31 063 Flat position PA o° 90 °
180 ° 90 °

31 064 Horizontal 45 °
vertical position 135°

45°
135°

31 065 Horizontal o°
position 180°

0 o

180 °

Horizonal over. 225°
head position 315°
225°
315°

31 067 Overhead position 270°
270°

31 068 Vertical up
position

31 069 Vertical down
position

*In accordznce with ISO 6547,

NOTE 1. To svoid confusion with existing abbrevistions, eg. F lor fiat,
in principle the letter P (for position] has been placed in front of the
symbol to indicste ‘main position”,

NOTE 2, Tolerances for the main Positions are not specified in this
British Standard because they depend on the ditferent welding
procedures used.

"0 Ruane & T P ONrill
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UNIT W3 @ WELDING PROCESSES

General

Welding is the process of joining two or more picces of material together by bringing
the atoms of each piece into such close contact that an atomic bond takes place,
i.e. the separate pieces fuse together to form one.

This process is not restricted to metals, inany materials such as plastic and glass can
also be welded.

The first welding carried out was called Jorge welding. As the name implies, it was
used in the forge or smithy by blacksmiths. The method involves hecating the pieces of
iron to be joined to red heat and hammering them together. Because no melting of
the materials is involved, the process is termed Aot solid phase welding or welding
with pressure.

Fusion welding is the altemative process to welding with pressure.

Welding with pressure is used to obtain a welded joint between two materials without
melting them. The process involves the use of high pressures 10 bring the materiais
into close enough contact for an atomic bond 1o be obtained.

To achieve an atomic bond, the pressure applied. must cause plastic defonmation of the
surfaces being welded in order to break up and remove the oxides on the surfaces.
The weld- is obtained by atomic diffusion followed by crystal growth across the
surfaces being joined.

The application of heat, or the generation of heat due 1o frictional effects, has the
effect of reducing the amount of plastic deformation required to produce a bond.

Welding with pressure has a low heat input when compared to fusion welding, this is
advantageous for many welding applications. Welding with pressure can also join
together dissimilar metals which are difficult 10 weld with any fusion welding process.
However, fusion welding processes are more widely used rhan the welding processes
nvolved with pressure.

The fusion process relies on the properties of molten materials to easily fonm atomic
bonds. When a material melts, the lattice structures which fonm the material are
destroyed, allowing the atoms to easily mix together. Upon cooling and solidification.
the atoms re-form into new lattice structures. These structires may well be different
to the original lattice for various reasons, including the ratc of heating. the
temperatures reached, the rate of cooling, and any additions made to the molten
material. Therefore the finished weld may have propertics quite different from the
parent materials.

Fusion welding processes require a local application of lwat in order o bring the
material to a temperature at which it will fuse. for steels this is approximately 1400°C
to 1500°C. The temperature in the molten weld pool may be in the 2500°C 1o 3000°C
range. The average temperature in the arc is 6000°C. This heat energy is dissipated
into the surrounding atmosphere and parent material on either side of the weld.

Additions to the weld may be made unintentionally by exposing the molten material
10 the atmosphere. The gases whick form the air (primarily nitrogen and oxygen) arc
readily combined with the molten metal and undesirable nitrides and oxides inay be
formed. It is therefore desirable to shicld the molien weld metal from the air; most
fusion welding processcs incorporate a system to protect the weld pool fron)
atmospheric contamination.

O Humie & TP O'Neill
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NOTES

Oxy-gas welding
The term oxp-gas welding is a generic term for a fusion welding process which uses a
fuel gas and oxygen to provide a flame hot enough to weld the materials to be joined.

e

Acetylene is the only fuel gas, when mixed with oxygen, which gives sufficient
thennal energy for the commercial welding of steels; a flame temperature of 3100°C
is produced. Oxy-acetylene welding is suitable for the welding of most metals
including carbon steels, stainless steels, cast iron, bronze. copper. aluminium etc..
For all materials except the carbon steels the use of a flux is required.

The main area of application for oxy-gas welding is on metals less than 3 qum
thickness, although thicker sections may be welded.

The main disadvantage of oxy-gas welding is the slow speed of travel {and therefore
heat input). this causes a wide h.a.z., possibly undesirable metatlurgical changes and
distortion.

[n recent years the process has declined in popularity. mainly due o the development
of other more efficient processes such as Li.g., m.i.g./in.a.g. and plasina arc.

Process technique

The high temperature flame is used ro bring a small arca of the parent metal up 1o
welting point. a separate filier wire is then dipped into the moiten pool and 4 portion
melted off. this mixes with the base metal 1o provide the weld.

Two main wclding techniques are used for oxy-gas welding:

Forchand technique

The filler wire precedes the blowpipe along the seam 10 be welded, The forchand
technique is for general purpose work.

Backhand technique

The backhand technique is vice versa 10 the forehand technique. i.c. the blowpipe
precedes the filler wire along the welded joint. This technique can be used on thicker
sections and, with modifications, on positional work.

The oxy-acetylene flame
There are three distinct flame types which can be sct with oxy-acetylene and these are
as follows:

The neutrat Name

The neutral flame is combined from equal quantitics of oxvgen and acetylene and has
a distinct inner white cone with a rounded tip. This flame is the most frequently used.
t is suitable for all carbon steels, cast irons, low alloy steels and aluminium.

© Rumse & T P ONril)
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The carburizing (carbonizing) lame

The carburizing flame has a slight excess of acetylene and is identified by the feather
around the inner white cone. The flame is suitable for the welding of high carbon
steels and for hard surfacing applications. Some welders prefer a very slightly
carburising flame when welding aluminium as it ensures that there is no chance of
excess oxygen being present (o contaminate the weld pool.

The oxidizing (lame

The oxidizing flame has an excess of oxygen and is identified by an inner white cone
which is shorter and sharper than the neutral cone. This flame is suitable for all
brass. bronze. zinc applications. i.e. bronze welding and brazing.

OXIDIZING
Sharp inner cone,
deeper colour

in centre

NEUTRAL
Fully luminous
inner cone

CARBURIZING
Feather of excess
acetylene around
inner cone

4

|
1

~

Manual metal-arc (m.m.a.) welding

Manual metal arc welding is the most versatile of the welding processcs, suitable for
almost all thicknesses and rypes of ferrous and most non-ferrous metals. Welding can
be carried out in all positions relatively economically with measanable ease of use.
although the eventual weld quatity is dependent mainly upon the skill of the welder.

Manual metal arc welding is an arc welding process, the heat being provided by an
electric arc which is itself fonmed between a flux coated consumable electrode and the
metal being welded. The arc has an average temperature of around 6,000°C which is
more than sufficient to melt the parent mmetal, consumable electrode and fiux.
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Power requirements

M.m.a. welding is carried out using ecither a.c. or d.c.. In the casc of d.c., positive
(+ve) or negative (-ve) polarity may be used. The actual current form selected s
dependent upon the composition of the electrode flux coating and the specificd
requirements of the weld. A.c. transformers are the most cost effective fonm of power
source.

Power for m.m.a. can be obtained from either transfonmners, transformer-rectifiers,
generators or inverters. otp 7

Regardless of type, the welding plant must provide the following:

a. (@ high Bpen circuit voltage (0.c.v.) o initiate the arc, e.g. 6590 volis. and a
Note ) lower arc or welding voltage 1o maintain the arc. e.g. 20-40 volis; thercfore
the plant must have a drogping characteristic. Sce Unit W11.

b.  a reasonable range of current must be available: 30-350 amps is typical.
Approximately 500 amps would be the maximum capable of being handled
manually,
arc stability. A rapid arc reignition (arc recovery) must be available after
short circuiting without excessive curvent surges which can cause spatter.

a current which remains almost constant even if. as is usual, the operator
varies the arc length during welding, so that consistent electrode burn off ratc
and weld penetration characteristics are maintained.

Current (amperage)
The welding current, measured in amperes. conirols electrode bum off ratc and depth
of penetration. The possible effects of having an inconect amperage when using
nLn.z. are shown below:

Amperage too low Poor penetration or fusion. unstable arc,
: irregular bead shape. slag inclusions.
porosity, electrode freezes to the weld,
possible stray arc-strikes.

Amperage (00 high Excessive penetration, burn throughs,
porosity, spatter, deep craters, undercut.
electrode overheats, high deposition
(positional welding difficuln).

Voltage .
The welding potential (voltage) controls the weld pool fluidiry. The possible effects of
having an incorrect voltage when using m.m.a. are shown below:

on‘i qu,“ fotﬁt .

Volrage 100 low Poor petletration, electrode freczes to
work, possible stray arcs. fusion defects.
slag inclusions, unstable arc. irregular
bead shape.

Voltage too high Porosity, spatter, arc wander, inmcgular
bead. slag inclusions. very fluid weld
pool, positional welding difficult. (wrfgml uP)

© Rumne & T P O"Neitt
bave | 118142




UNIT W3 ® WELDING PROCESSES

Speed of travel
The speed of travel affects heat input and therefore also affects metallurgical-and

mechanical-conditions. The possible effects of havi g an incorrect welding speed
when using m.m.a. are shown below:

Travel speed too fast  Narrow thin bead, stag inclusions, fast
No{- 4 cooling, (metallurgical problems?),
- undercut, poor fusion/penetration.
Travel speed oo slow  Excessive deposition, cold laps, slag
inclusions, imregular bead shape. l

Current type

The current type, and more specifically its polarity, determines the heat distribution at l
the arc.

D.c. electrode positive

An electrode connected to the dc. +ve pole will have two thirds of the available‘
energy-which is mainly heat—developing in the electrode tip with the remaining one

third of the energy in the parent material. -

This connection produces a wide, shallow weld pool with a broad h.a.z. which l
together slow down the rate of cooling and reduce the possibility of hydrogen
entrapment and/or the development of a brittle metallurgical structure,

D.c. clectrode negative l

An electrode connected to the d.c. -ve pole has reversed energy distribution compared
to d.c. +ve and therefore has one third of the energy develops at the electrode and rwo
thirds of the energy in the parent material, )

This creates a rzipid development of the weld pool which is narrow, deep and fast
freezing with a ,mm Using this polarity with certain electrodes, may lead to
hydrogen entrapiment and a brittle wetathugical structure which is more susceptible to '
cracking during contraction or when extemal stresses are applied:

A.c. I
In an a.c. arc the polarity is reversing 100 times per second (50 c.p.s.). This has the

effect of equalising the heat distribution: half the heat at the electrode and half in the
parent material,

The weld zone and mechanical characteristics are therefore midway between those
produced with electrode d.c. +ve and elecrode d.c. -ve.

Consumable electrodes
Three electrode types/coverings are commonly used:

®* rutile,

*  cellulose,
®*  basic. '

See Unit W10 for further details on conswmable electrodes for m.m.a. welding.

© Humove & T P O"Neill
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There are nLi.g.ima.y.
processes which use a flux,
either in the core of the wire
oF as u coating un the wire,

if a gas is inert it will nor
produce any reaction with
ancther chemical.

If a gas 15 uctive it is cupable 30
uf reacting with another
chemicel. c.y. CO.is an
acrive gas and it will react
with iron, cspecinllv ar high
temypreratures, to produce iron
nvde.
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Metal inert-gas and metal active-gas welding

Metal inert-gas (M.i.g.) and metal active-gas (m.a.g) welding may be considered
fogether because the welding equipment, including power source, is essentially the
same. It is the shielding gas and consumables (filler wires) which differ.

-+ gJ/m.a.g. welding process uses a bare wire consumable electrode to provide
the arc and weld metal. The wire, typically 0.8-1.6 mm diameter, is continuously fed
from a coil through a specially designed welding gun.

Because the process is fluxless, it is necessary to elininate the possibility of
atmospheric contamination by introducing a shielding gas. For some materials, argon
is an efficient shielding gas. being inert, it does not chemically react with the weld
metal. When an inert gas is used for shielding the welding process is known as metal
inert-gas (m.ig.) welding.

ELECTROOE FEED urar

CABLE ASSEMBL ¥

SHIELDING GAS FAOM CY1,n0ER
WELD®G CONTACTOR CONTROL
POWER CABLE

PRILARY PUT POWER

Different shielding gases change the electrical properties of the arc. this influences
metal transfer properties, heat input. penctration and weld profile characteristics.

The shielding gas selected will depend on the maicrial to be welded, the
corresponding filler wire, and the required characteristics of the weld. For example,
carbon steel-as an electrode—cannot be transferred successfully through a pure argon
shielded arc; a very irregular weld profile with poor fusion would result.

Wiae T
Contact tube

Nozzle
Gas shield

1994 COZ, deep,.naiaow
weld bead, high profcte.

75% Ax ¢ 253 COg, wede,

shallov, weld bead, flacliear
profdcle.
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Carbon steel can be transferred successfully through an arc’using carbon dioxide ‘
(CQOp) as the shielding gas. CO, is an active gas, i.e. it chemically reacts with the
weld pool to produce an oxide, therefore extra deoxidizers must exist in the wire for l
an acceptable weld to be produced. This process is widely referred to as CO, welding
Silicon & a primary but is also called metal active-gas (ma.g.) welding. This later terminology also

m;w:nﬁncsc t‘.\'u applies to the process when other active gases/gas mixtures are used, e.g. 75% argon, .
xidizer.

tertiary deoxidiscr uscd in 25% Coz.

triple deoxidized wire s

aluminium. Shielding gases
The gas shield fulfils two main functions:

2/ ® it provides a suitable ionizable atmosphere for the electric arc,

*® it protects the weld pool from atmospheric contamination.

Example gascs and applications for m.i.g/m.a.g. welding

Gas Application examples

Pure argon Aluminium, copper, 9% nickel steel I

Argon + 1% to 5% oxygen Stainless steel

CO, (carbon dioxide) C steel up to 0.4% C, low alloy steel
Argon + 5% to 25% CO, Carbon and low allow steels

Argon + 5% hydrogen Nicket and its alloys

Argon + 15% nitrogen Copper and its atloys

75% helium + 25% argon Aluminium and copper

73% helium + 25% argon + CO, race | Austenitic stainless steel

Note: A H; trace may be added to most gases to increase arc voltage and
therefore overall depostion rates. ‘

Wire consumable T'g also now 58S £u/ i‘l

The solid wire consumable used for m.i.g//in.a.g. welding should confoan to 01R£1
- Filler rods and wires for gas-shielded arc welding ox other agreed specification. l

Because of the porosity problems which can occur when welding carbon steels with
the m.a.g. process, fully deoqldxzed (killed) wire. such as silicon manganese, should

be used. T P‘ﬂll 4 ﬂlg&w;r ﬁ
fMpe de-gyy, 'sei -
Metal transfer modes (G AlS ? .
Metal transfer for m.i.g./m.a.g. welding may be achieved in one of four ways: l

*  spray o free flight transfer,

*  dip transfer (semi-short circuiting arc),

® globular ransfer,
pulsed transfer.

& Hupnre £ T P O'Nell
Tawr 1 119094
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Types of Laansfean.

Spray or free flight transfer

It a high welding current is used, the weld metal transfers across the arc in the formn
of a fine spray. This type of transfer gives high deposition rates and decp penetration
welds. The spray transfer mode is suited to thick materials. and except for the light
alloys may only be used in the flat or horizontal welding positions.

Dip transfer (semi-short circuiting arc)

To achieve dip transfer mode both low amperage and Iow arc volis are required so
that the consumable wire electrode touches the weld pool and short circuits. This is
followed by a short. rapid rise in current which causes the tip of the wire to melt off
creating an arc which gradually reduces in leagth until it short circuits again and the
process is repeated.

Because this transfer mode produces a relatively cool arc. it can be used on thinner
sections and for all positional welding, including vertical down welding,

Globutar transfer

Globular transfer mode occurs in the intermediaic range berween spray and dip
transfer. This transfer mode has no manual application area in m.g./m.a.y. welding
and only limited success on mechanized and automaric set-ups.

Pulsed transfer

Pulsed arc is a modified fornm of spray transfer which effectively uses both the dip and
spray transfer modes in one operation.

Pulses of high powered spray transfer cwrrent are superimposed over a constant low
semi-short circuiting background mode. This resuits in a lower heat outpul compared
to true spray transfer but is greater than with dip transfer: this pennits horrer welding
which allows for high deposition rates and all positional welding,

The main advantage of the pulsed transfer mode is that poor fusion of root runs is
virtually eliminated. There is also regular penetration. no spatter, good profile, and
the welds are of high quality.

Power requirements

Power for m.i.g/m.a.g. welding is usually elecirode d.c.+ve of a flat (constant
voltage) characteristic. this can be obtained from a gencrator or transformer-reciificr.
See Unit W11

& Rusne & T P O'Neild
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Advanmgas. and di-sadvantags

The advantages and disadvantages of the m.i.g/m.a.g. welding process particularly ‘-
when compared to m.n.a. welding can be summarized as follows:

Advantages

* minimal wastage of consumable electrode,

* no frequent changing of conswnable electrode,

* little or no interpass cleaning rEq-uired (no slag produced).

* heavier weld beads are produced.

* faster welding process,

* low hydrogen process - preheat mayl not be required,
Disadvantages

® increased risk of porosity - due to displacement of the gas shield,

* more maintenance of plant involved,

* high risk of lack of fusion.(wiu\ J,; P 'lransfer Oﬂ.l.a)

et of Plantieqguipme® et os stdble.

Tungsten inert gas (t.i.g.) welding

General

The ti.g. welding process uses a non-consumable tungsten electrode to provide an
arc. Filler metal, when required, is fed from a separate filler rod in a manner similar
When the arc only s used to to oxy-acetylene welding. A shielding gas, e.g. argon, is fed through the welding gun
i’:ﬁ:::’; Z”;‘:;:_a;::”}:: " | to the weld area and provides a gas shield to prevent contamination by the
filler wire, the process is atmospheric gases. No fluxes are used with the process.
kv as aurogenvus 1.1, L.

F't G wtideng
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Typical T 1 G. welding operatoon frach

Although initially developed for the light alloys. i.e. alwminitm and magnesium, Lig.
welding may be used on a large variety of merals.
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The manual ti.g. process is expensive when compared to most other manual arc
welding techniques and is generally only used on carbon steels when high

metallurgical and mechanical properties are required for the weld. An example

application is for the deposition of high quality root runs on pipewock; the fillers and
cap are usually deposited by a more cost effective process such asm.n.a. orm.a.g..

When high quality root runs are to be deposited, a back purge is used to prevent
oxidizing (coking) of the weld metal.

When access to the weld area is difficult, e.g. with deep vee preparations or comer
welds, the tungsten electrode stick-out length can be increased providing a gas lens is
fitted to stiffen the gas shield to prevent turbulence, which would otherwise lead to
oxidation of the weld metal.

It is possible to automate the Li.g. process and many systens are in current use,
particularly on pipe where the welding head travels on fixed rings around the joint,
the electrode may be stationary or may oscillate from side 1o side. On root beads it is
usual to pulse the current to control the penetration.

Tungsten electrodes
There are 1wo classifications for tungsten electrodes:

1.  Plain (unactivated) tungsten
Plain tungsten elecuodes tend to laminate in use and can cause tungsten
inclusions in the weld. This type of electrode is rarely used and is suitable for
lower quality general purpose welds on all metals.

Activated tungsten

The addition of either thoria or zirconia to the tungsten gives considerablc
advantages including increased electron emission for better arc striking.
re-ignition and stability, particularly with low current values. There is also a
reduction in the possibility of tungsten inclusions in the weld.

[% Thoriated tungsten clectrodes: used with electrode d.c. -ve for the welding New t.
of all inetals except the light alloys (aluminium and magnesiwun). te

raplt
2% Thoriated tungsten clectrodes: as above. but for applications where lower ﬂ\«f:t

Other activators now amperages are used and improved arc stability is required.
available inclnde cerium and
lanthansm.

Zirconiated tungsten clectrodes are specifically used with a.c. for the wetding 7
of the light alloys. - Cosivm OxiJQ de

. -: dn-.
Selection of current type PRnype -
In selecting the type of current to be used for ti.g. welding. consideration has to be
given to the material being welded and the requirements of the arc. Sometimes arc ;%
stability is of prime importance, but occasionally the removal of surface oxide. i.c. a
cleaning action, takes priocity. J
Tungsten has good ionization potential, i.e. electrons and therefore current flow, are qc s\
easily produced: this produces an inherently stable arc. Electrons flow from negative L‘j}‘f alle
to positive, therefore natural siability will also be achieved with electrode d.c. -ve.
however, because most metals have some natural ionization potential. then stability
will also result with electrode d.c. +ve, but the arc voltage wili be higher.

When the electrode is negative it is at the cool end of the arc: when it is positive it is
at the hot end of the arc.

Tungsten electrodes usually require a clean sharp tip: to be maintained during
welding. Welding with clecirode d.c. +ve can overheat and melt the tip. which
becomes globular in shape resulting in an uncontrolled are and possible tungsten
inclusions in the weld meral.

For most metals electrode d.c. -ve is used. the cxceptions are alwniniwm, magnesium,
and their alloys.

¢ Rumie & T F O°Ncill
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The welding of the light alloys requires an electric arc which is capable of removing ©.
the oxide film which has a higher melting point than the material from which it was
formed.

There is a scavenging action achieved with electrode d.c. +ve which does not exis
with d.c. -ve, therefore from a cleaning point of view, this connection is the one most
suitable for the welding of the light alloys. However, electrode d.c. +ve polarity wil)
melt the electrode tip as stated earlier, unless a low current with a very large electrode
is used, but this is unsuitable as it creates an unstable arc. :

A compromise is met by using alternating cwvent, so that for 50% of each current
cycle the electrode is positive, therefore cleaning and welding takes place, and for the
other 50% of the time the electrode is negative and is cooled down, therefore melting
of the electrode is prevented. In a.c. arcs, because of the reversal of polariry, the heat
distribution is even.

Elecivode Electaode €lectrode
pocnied unmdcd\ globatlaa
173 Aeae 172 aeac i Real

\/ /% heal st aees
——

P.C. aeg. masaow, A.C. medium wadlh 2.C. pos. wide,
deep pentfeaalion. and penelaalion. shallow pratfaalion

Protection of the moiten pool
The gas shield fulfils two main functions:

® it provides a suitable ionizable aunosphere for the electric arc.

* it protects the weld pool from atmospheric contamination.

Gas type and gas flow rates are important considerations. Excessive gas pressure can
cause rigpling of the weld poot and give a coarse finish to the weld bead.

Three gases may be considered for Li.g. welding: argon, hetium, and nitrogen, '

:
Argon
The inert gas argon provides a very cost effective gas shield for all metal types. it
produces a smooth, quiet arc with low arc volts which makes it ideal for light gauge -

material or positional welding. It improves the cleaning action when used with ac. !
on light alloys.

The addition of between 1% and 5% of the active gas hydrogen will raise the arc

voltage and give deeper penetration or increased welding speed on stainless steel, or
on carbon steels that can accept the extra hydrogen content in the weld/h.a.z..

Helium 7
The inert gas helium is lighter than argon, therefore requires higher flow. rates (2 to
2.5 times) to give the same effective shielding.

Heliwn creates a higher arc voltage which is useful for welding thick sections and
merals with a high thermal conductivity. When used with a.c. on the light altoys
there is less cleaning action when compared to argon. Heliwn is also more expensive
than argon.

Nitrogen

[nert at room temperature, nitrogen combines with oxygen at arc temperatures and
becomes active, therefore it is unsuitable for the majority of metals but gives good

100
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results on copper 2s it increases arc voltage which creates more heat and is far more
cost effective than argon or helium.

Filler material
The filler material used for Li.g. welding should confonm to BS 2901-Filler rods and
wires for inert gas welding (or other national/international specifications).

Because of the porosity problems which can occur when welding carbon steels with
the t.i.g. process, killed or fully deoxidized wire—such as silicon manganese-should be
used. For very high quality welds. triple deoxidized silicon/manganese/aluminium
wire is recommended.

Power source requirements

A high o.c.v. of around 90 volts is required for t.i.g. welding to ensure arc stability at
all times. The power source, which may be a generator, transformer or
transformer-rectifier must be of a drooping characteristic 10 maintain a relatively
constant current value, the operator being responsible for arc {ength control. Sce
Unit 15.

To assist arc initiation, 10 prevent tungsten inclusions in the weld and 1o prevent
damage to the electrode tip, a high voltage. high frequency cwrrent is superimposed ar
the start of all d.c. welding operations. These characteristics are penmanent when a.c.
is used. to assist arc reignition at the beginning of each positive half cycle.

Plasma arc welding (p.a.w.) M / H ,

Plasma arc welding is basically a modification of the 1.i.g. process, the majority of the
equipment being similar, but with modifications to the power source and torch design.
P.a.w. can be complementary to, or used as a substitute for, t.i.g. welding, offering
greater welding speed, less sensitivity to process variations and consequently betier’
weld quality.

ORIFICE GAS
ELECTRODE

ELECTROODE
SETBACK

o
7

NN

rorcn stanoors ] E0A MTTIMMNN

ORIFICE DIAMETER

The welding capability range is much greater than t.i.g., panticularly for low material
thicknesses where micro-plasma units can operate as low as O.1 amps, for the
welding of very thin materials.

The p.a.w. process has the ability to perfonn welds by the keyhole technique, this is
used on closed square butts on material 1.5-10.0 mm thick. Full penetration in a
single pass is achieved with considerably reduced distortion compared 10 more
conventional welding processes.

P.a.w. may require the use of a separately fed filler wire or may be used autogenously.

T Husone & T F O'Neilk
Ustue | 114014
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Method of opmﬁon

The welding torch consists of a non-consumable tungsten electrode set back intp
constricted nozzle through which the plasma gas flows, this nozzle lies within another
nozzle through which the shielding gas flows.

Gas is fed into the inner nozzle under low pressure and passes through the electric arc
where it becomes ionized before being forced through the nozzle constriction. This
increases the gas pressure and thus the temperature which is in the range of
10.000-17.000°C. This superheated ionized gas is referred to as plasma.

Power source and equipment

A conventional L.i.g. power source, i.e. transformerfrectifier capable of operating in
the range from 5 to 200 amps, may be used with an additional plug in plasma arc
module, although purpose built units are available.

Shielding and plasma gases used.are pure argon, helium or argon/helium/hydrogen
mixtures dependent upon the material-type being welded.

The electrode shou!d be connected to the negative pole when d.c. is being used. When
a.c. is used. a square wave fonn is recommended 10 give instant reversal of current.

Methods of arc transfer
Two means of arc transfer are used in plasma arc welding, these being the rransferred
arc and non-iransferred arc processes.

With the iransferred arc process, the workpiece forms part of the circuir. The arc
transfers from the electrode (o the workpiece via the plasma gas; this results in
additional heat output. The combined temperature of both arc and plasma is in the
region of 17,000°C.

With the non-transferred arc process, the arc is initiated between the elecirode and the
constricting nozzle within the torch and only plasma gas (no arc) exits the nozzle: the
work does not fonn part of the circuit. The plasma temperature is in the range of
10,000°C.

Submerged arc welding M )l

Submerged arc welding uses a continuously fed bare wire consumable electrode, 1.6 to
6.4 oun.- diameter, t0 produce a weld pool which is protected from ammospheric ~
contamination by a separately supplied shielding flux in fused or agglomerated form. ]

——EfecCrodelsl, ], 7 or 3
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It is possible to feed more than one consumable wire electrodé into the weld pool at
the same time 10 increase peoduction rates by up to a factor of five times compared to
using a single wire.

Submerged arc welding is normally fulty mechanised, but may be used manuslly or in
a fully automatic mode.

The arc and molten weld metal are completely submerged beneath the layer of
shielding flux and are not visible to the eye. protection against the arc light is
therefore unnecessary.

The flux also provides additives to the weid. removes impurities from the weld and
provides a thermal blanket (slag) protecting the weld as it cools down. The remaining
unfused flux is recovered for re-use after the removal of impurities and sieving.

It may be specified that the flux used can only contain a limited amount of recycled
flux, e.g. a maximum of 25%. If this is the case the recycled flux must always be
thoroughly mixed in with the new flux beforc use.

An advantage of the submerged arc welding process is that very high welding currents
can be used to produce the rapid deposition of heavy weld beads without spatter.
Although it is possible 10 use 5,000 amps or more to produce for example a 37 mm
thick weld in one pass, it is more usual to restrict the current 1o arcund
1000-2000 amps and deposit a multi-un weld because of the improvement in
metallurgical properties. ’

: “l Power source and equipment
ek L 20060 .
SRarect <100 S ({2 4R Both a.c. and d.c. power sources are used with s.a.w. with a typical current output of

:Cft' na >l000<\m‘>5 ()'2-4Q 400-1500 amps. Both drooping characteristic and flat characteristic power sources
are used. See also Unit W11. Because of the high current draw off. a 100% duty
cycle capability is recommended.

Flat characteristic d.c. power sources are the typc most commonly used for
applications where the current does not exceed 1000 amps, they are also the best for
the high speed welding of thinner steel sections.

Above 1000 amps and for thicker sections, drooping characteristic a.c. is preferred
and works best if the sine waves are square becausc polarity reversal is instantaneous.
A.c. is also preferable for multi-wire techniques and applications where arc-blow is a

Are-Dlow is o deviation of the 60
/ problemn.

arc duc lo magnctic
influcnces cansed dusing Single. twin or triple wire feed systems are commonly used. all feeding into the same
welding. weld pool. All the wires may be live, or dead fillers may be applied. In a multi-wire
application, the leading wire is usually d.c. +ve polarity. this will limit the risk of
burn through, although deep penetration wiil be achieved because of the high current
used. A.c. would normally be used for the remaining wire(s). or dead fillers could be
used, or a combination of both.

Application areas

Submerged arc welding is widely used in ship building. structural steel work. general
engineering applications, and for the fabrication of pipes and pipelines. e.g. doubte
jointing stations. Carbon steel, alloy steel and stainless steels are the main materials
welded using this process.

Because of the heavy deposition rates and fluid slag. it is only possible 1o weld in the
flat or horizontal vertical position. However. circumferential welds may be madc on
pipes or vessels. For this application the welding head remains stationary while the
workpiece rotates beneath it.

Fluxes and wires to BS 4165

Weld quality and properties are influenced by the choice of wire and flux. The
determination of the best wire and flux combination 10 use to give optimum qualitics
is often 4 case of trial and ervor. The BS 4165-Elecirmde wires and fluxes for the

T Ruune & T P O'Neill
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s.a.w, of carbon steel and medium-tensile steel, gives requirements for the wire and o
flux, dwimamdhlgsysmfamw.wimsmdﬂm.mdmoﬁmguidm
on choice.

Fluxes

Fluxes for s.a.w. are divided into two types:

* fused - granulated,
* agglomerated - powdered.
Fluxes can be further classified depending on their basicity oc acidity.

Fused fluxes

Fused fluxes are manufactured as follows: the ingredients are mixed and melted a1 a
high temperature, the mixture is then poured onto large chill blocks or directed into a
stream of water to produce granules which have a hard glassy appearance. The
material is then crushed, sieved for size, and packaged.

Advantages of fused fluxes include:
* good chemical mix achieved,

* they do not attract moisture {not hygroscopic) this improves handling, storage,
use, and weldability. Any moisture present is easily removed by low temperature

drying,
* the easy removal of impurities and fine particles etc. when recycling.
The main disadvantage is the difficulty in adding deoxidants and ferro-alloys. These
would be lost during the high temperature manufacture. The maintenance of a
controlled flux depth is considered critical.
Agglomerated fluxes

All the flux materials are dry mixed and then bonded with either potassium or sodium
silicate, they are then baked at a temperature below the fusion or melting point and
therefore remain as a powder which is sieved for size and packaged.

Advantages of agglomerated fluxes include:

* can be colour coded,

® easy addition of deoxidants and ferro-alloys,

*  flux depth not so critical.

Disadvantages include:

¢ tendency for flux to absorb moisture and difficult redrying procedure,
* possibility of molten slag causing porosity,

* difficult re-cycling, i.e. the removal of impurities and sieving.

Flux basicity or classification

A certain amount of oxygen will exist during welding, some will remain in the weld
metal either in gaseous form or as oxide inclusions. The oxygen can be controlled by
chemical reactions with the molten flux.

Basic oxides tend to be more stable than acidic oxides. Generally the higher the

basicity of a flux, the less the production/formation of oxygen {porosity) and oxide
inclusions, leading to an improvement of weld metal strength,

» Rusoe & TP O'Neill
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Fluxes for 5.8.w. may be classified as follows:
¢ acid-general purpose use and for dirty (rusty) steel IMPROVING QUALITY
* neutral
¢ semi-basic
basic

high basicity-maximum weld toughness and perfornmance

Electroslag welding (e.s.w.)

The main application area of the electroslag process is the joining of plates
approximately 10 mm thick and above, although plates in excess of 50 mm thick are
more: likely to be welded using this process. Carbon steel, low alloy steeis and
austenitic stainless steels are the only materials weldable with the electroslag process.

) Welding is carried out only when the plates are in the vertical, or near vertical
The nane clectrostag is position. A square cut joint is always used. Once welding has started it must be
derived from the fact that the . . . .

process uses clectricaliy carried out to completion because restarts produce defective areas. The process is
conducting slag, used on ships, pressure vessels. steel castings. structural steel etc..

For welds up to 75 mm thick, the e.s.w. process uses less weld metal and 90% less
flux than s.a.w.; plates 75-300 mm thick are welded at 600-1200 mm/hr. Angular

distortion is eliminated.
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Electroslag welds are relatively defect free, slag entrapment, porosity and lack of
fusion defects are almost non-existant. Electroslag welds normally require post-weld
heat treatment especially on the thicker materials. due to the resultant coarsc grain
structure.

A flat characteristic power source is required. A typical 3 mm diameter wirc will
require 40 volts and 600 amps.

Method of operation
Es.w. is a fusion welding process which uses the combined effect of current and
electrical resistance to produce a conducting bath of molten slag which melts both the

filler wire(s) and the surfaces of the workpicces to be welded. The weld pool is also
100
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shielded by this slag which covers the full surface of the weld and rises as the weld

progresses up the joint. : .

The process s initiated by an arc, usually struck on wire wool type material, which is
itself laid onto a siarting block which supports the initial liquid material.

Powdered flux is placed at the bottom of the joint, this is liquified by the arc which s
then extinguished by the now conductive, though highly resistive, molten slag. All
the current now passes through this molten slag, the resistance creating heat.

In order to retain the molten mass of flux and weld metal, water cooled copper shocs
are fitted either side of the joint and walk or slide progressively upwards as the

welding proceeds.

Process options _
Two variations of e.s.w. are in general use. These are the non-consumable guide and
consumable guide processes.

Non-consumable guide process

In this technique. one or more wires, depending upon metal thickness, are fed into the
molten slag through a guide or guides which are constantly maintained approximately
75 mm above the molten slag. One electrode is required for each 60 mm of metal
thickness. If an oscillating or pendulum technique is used this can be increased 1o
120 mm. This method of e.s.w. is suitable for material thicknesses ranging from 10 1o
500 mm thick, '

Consumable guide process

With this method, filler metal is supplied by both the elecirode and its compatible
metal guide. The metal guide directs the wire 1o the bottom of the joint and exrends
for the full weld height which may be as much as 10 metres. The guide is consumed
as welding progresses upwards and can provide from 5 10 15% of the filler metal.
One electrode/guide is required for each 60 mm of weld metal but this increases to
150 mm if an oicillating technique is used. The consumable guide technique is
suitable for material of unlimited thickness.

100
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Standard British terminology, .
as defined in BS 499 : Part 1 Arc welding processes

: 1991 will be used and . . .
related American Arc processes are the most universally popuiar methods of welding. It is necessary to

terminology, as defined in recognise:

Al A3.089. & showm in . the important features and capabilities of the various processes,
’ the type of current required to sustain the arc,

the effects of the arc on the workpiece,

the shielding mechanisms that protect the arc,

the types of consumables and gases used.

The important operating parameters are the current, arc voltage, and travel speed, all
of which must usually be controlled within specified limits.

The various arc welding processes will be discussed in two groups because the power
sources and other equipment used for each group are broadly similar:

1. Manual metal-arc welding, Tungsten inert gas and plasma welding, in which
filler metal is generally added manually.

Semi-autotnatic and automatic processes that run with filler metal deposition
from continuous wires: MIG/MAG. Flux-cored wire welding, Submerged arc
welding, electroslag, and and electrogas welding.

“

Manual metal-arc (MMA) welding,
Shielded metal arc welding (SMAW)

Manual metal arc welding is the most versatile of the welding processes, being
suitable for most thicknesses (except for very thin sheet) of ferrous and non-ferrous
metals. With suitable electrodes MMA can be used for all welding positions,
including vertical-down. Provided suitable precautions are taken to protect the weld
from wind and rain, MMA electrodes can be used for site welding.

Electrodes for MMA welding usually consist of a solid metailic core rod, that is
coated with a layer of flux, which contains powdered ingredients and a silicate binder.
An arc between the end of the core and the workpiece melts the core and the surface
of the workpiece. The flux coating is necessary for the following reasons;

a.  protect the arc from the surrounding air.

b.  give good arc stability,

¢.  to transfer alloying elements (manganese, silicon, etc.) to the weld metal,

d. to absorb oxide scale and other impurities,

e. to produce a slag thalwitl protect and support the weld metal during

solidification.

Current passes down the core rod to the arc that melts the end of the rod and the
surrounding flux to produce a protective cone. The welding current can be DC+, DC-,
or AC, supplied from a drooping characteristic power source that gives essentially
constant current output, that can be a rectifier. transformer, or engine-driven
generator. Gas, generated from organic material, e.g. cellulose, or limestone in the
flux, shields the arc within the cone. In the UK AC is most common whereas in the
U.S8.A. DC is most popular.

The diameter of the core rod governs the welding current that is used. Low current is
indicated by unstable arc, irregular bead shape, excessive slag inclusions, electrode
freezes in weld pool. If the current is too high the core rod becomes red hot, the
coating starts to smoke and crack, excessive spatter, and porosity increases as the rod
bums off. Electrode polarity, depending on the classification, can be DC+ve, DC-ve.
or AC. DC+ve gives the deepest penetration, DC-ve gives shallower penetration but

on "
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higher deposition rates at the same current, and AC deposition is preferable where arc”
blow might be a problem. Inspectors should check that the correct polarity is being
used.
Electrodes run at arc voltages that are characteristic of the flux type - higher voltages
(about 30 V) for cellulosic pipe welding types, and lower voltages (sbout 24 V) for
basic low-hydrogen types. Normal changes in arc length have a minor effect on arc
voltage. For easy starting of the arc, and smooth re-ignition during the half cycles of
AC welding, the open circuit voltage (the voltage at zero current) might be as high
B0 V. Increasedattentiontosafetyhasledtomewideruseofpowaswmeswith n
lower open circuit voltages of about 50 OCV. Cellulosic rods will not run with those
sets. Some electrodes, especially low-hydrogen types, are made with coated tips to
give easy starts by merely touching the tip to the workpiece. “
Inspectors should check the electrical code classification for electrodes to ensure that
they are compatible with the power source output (open circuit voltage and current
type (AC, DC+, DC-).

MMA positional capability and electrode sizes

Positional capability depends on the flux type and electrode size. MMA electrodes are
available with core rod diameters of 1.6, 2.5, 3.25, 4.0, 5.0, and 6.0 mm. Providing
that the flux type is suitable, (if it produces a viscous slag) positional capability is
indicated in the electrode classification, and positional welding will be possible with
electrode core sizes up to 4.00 mm. For vertical-down welding, core sizes can be up 1o
3.5 mm. Consequently, for general welding purposes, most MMA electrodes are sold
in 3.25 and 4.00 mm sizes. Check for suitable positional classification.

.
Tungsten inert gas, (TIG),

gas tungsten arc welding (GTAW)

In TIG welding, the arc from a non-consumable tungsten electrode, shielded by an
inert gas, usually pure argon, is used to provide heat for melting the workpiece and
the filler metal. Tungsten is used as the electrode because its melting point is very
high and under the proper welding conditions it will not melit.

If a weld is made by fusing the two closely fitting sides of the joint, without adding
filler metal, the weld is called autogenous.

TIG welds are made with drooping characteristic machines, and the arc voltage
depends on the inert shielding gas used. Argon gives an arc volage of about 12 V at
nonnal arc lengths of about one or two millimetres, but if extra arc heat is required for
a given current, mixtures of argon-helium gas are used because helium has an arc
voltage of about 18 V, giving about 50% more heat for similar current, The extra heat
is needed for some nickel alloys, and for heavy sections of aluminium.

TIG welds require carefully controlled current, which can be supplied by sets suitable
for MMA, but most TIG welds are made with power sources that have a number of
special features. (TIG sets can usuafly be used for MMA welding.} The welding
current can be controlled from the power source, as in MMA welding, but TIG sets
usually have the added refinements of hand or foot control of current to obtain precise
control of the weld pool.

A TIG arc can be started by several means:

I. Scratching the electrode on the weld surface. This has the disadvantage that
lungsten inclusions may enter the weld metal, and the tip may become
contaminated with iron or aluminium that will lower its melting point.

The most common method is 1o superimpose a high frequency voltage that will
cause a light arc to jump from the electrode when it is held close, but not
touching the workpiece.

e Sstag W3S-2
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electrode touches the surface, and the current rises to the welding level when the
electrode is withdrawn from the surface.

The filler metal, if added, is fed from a cut length of rod by hand or mechanically in
the form of a continuous wire. Unlike MMA, MIG/MAG, and SAW, the amount of
filler added is independent of the energy input from the arc. Because current is not
flowing through the fitler rod, its deposition rate is very slow compared with the those
other processes.

TIG welding can be considered t0 be the arc equivalent of oxy-acetylene welding. It
provides very good control of the weld pool and is generally used for precision work
with expensive alloys, but because of slow travel speeds its heat input and distortion
are higher than from the other arc processes.

TIG welding paositional capability and electrode sizes

The precise control of current during TIG arc welding, and the independent addition
of filler metal make TIG welding the most popular choice of process for precision
all-position welding, such as critical pipe welds. Deposition rates are low, but no other
process gives such good quality with minimum repairs.

The size of the tungsten electrode depends on the polarity and current, as shown in
the following table, which also includes recommended sizes of gas cups.

Table W3S-1
Recommended maximum current and gas cup size for tungsten clectrodes

Diameters, mm Direct currecat, amps Alternating current, amps

Electrode | Gascup DC-ve DC+ve Unbalanced Balanced
wave wave

I 10 10-80 - 10-60 20-30
1.6 10 70-150 10-20 50-100 30-60
24 12 1500-250 15-30 1000-160 600-130
3.2 12 250-400 25-40 150-210 100-180

4 12 400-500 40-55 200-275 .160-240
6.3 20 750-1100 80-125 325-450 325-450

If the currents exceed the values shown, the clectrode tips will be melted and eroded,
which may cause undesirable foss of tip shape and unacceptable particles may fall into
the weld pool. The tungsten electrodes should not melt at the welding current, and the
heat generated in the electrode depends on the electrode polarity and its diameter.
When the electrode is run at negative potarity, as when welding steels and nicke!
alloys, the evaporation of electrons from the surface of the tungsten has a cooling
effect. As in MIG welding of aluminium ailoys, the use of DC+ve polarity has an
important cleaning effect because it removes oxides from the metal surface. However,
it also reduces the cuent-camying capacity of the tungsten electrodes to very low
levels, and it gives only shallow penetration. DC-ve polarity gives deeper penetration
but it will not give sound welds because of oxide film entrapment.

A satisfactory compromise is reached by using AC, which cleans the metal when the
electrode is +ve and gives deeper penetration when it is -ve. The oxide layer acts as a
rectifier, resulting in easier current flow when the eclectrode is -ve. Several
modifications of AC welding are available:

1. Continuous high frequency current can be .applicd to give improved arc ignition
during cach half +ve cycle.

100

ot W3S-3




FHoNe UNIT W3

2.  Square wave AC gives more rapid fe-ignitim than sine wave AC.

3. The relative currents on each half of the cycle can be adjusted to provide either
more cleaning or more penetration.

Classification of tungsten electrodes

TIG welding electrodes can be made from pure tungsten, or tungsten alloyed with 5
small amounts of oxides that improve arc characteristics. The common types are as
follows: _

*  Pure tungsten (colour code: Green) - These are used with a ball end for AC ﬂ
welding of aluminium and magnesium alioys. '
1% thorium oxide (Yellow), 2% thorium oxide (Red) - These have easier '
starting characteristics and higher current-carrying capacity. It is easier to
maintain a pointed tip which is used for welding steels. Not often used for AC.
0.25% zirconium oxide (Brown) - These are the best choice for AC welding, I
especially for radiographic quality welds in aluminium alloys. They maintain the |
balled end with good arc stability and best resistance to contamination,
2% cerium (Orange) - Ceriated electrodes have been introduced because they
have the same benefits as thoriated electrodes but thorium is slightly radioactive.

Filler metals for TIG welding ' \
In general, the filler metals used for TIG welding are similar to those for MIG/MAG
welding, and they are classified in the same specifications, such as BS 2901.

Only in rare cases are special grades required for TIG welding. Rimming steels
{which contain higher oxygen contents than continuously cast and killed ingot steels)
require an addition of aluminium to supplement the manganese and silicon present in
MIG/MAG welding wires. In BS 2901: Part 1, this grade is A15 (0.04-0.4% Al), and
in AWS A5.2 Grade ER70S-2 contains 0.05-0.15% aluminiwm plus titanium and
zirconium (for improved stag formation) and grade ER70S-5 contains 0.5-0.9% Al

Shielding gases for TIG welding u
Pure argon is the most popular gas used for shielding the tungsten arc. Argon
mixtures that are used for MIG/MAG welding of steels should not be used because
they contain oxidizing gases that would cause failure of the tungsten. l

Helium and argon-helium mixtures are used (o raise the arc voltage and produce more
heat a1 a given current, which is useful in welding thick aluminium, and steel
sections, and nickel alloys. Helium is lighter than argon and is very expensive, but its
use can be justified in some cases.

Argon-hydrogen mixtures can also be used when more heat is required, provided that
it does not cause adverse metallurgical effects, such as cracking. The mechanized
welding of stainless steels is an example.

Use recommended gas flow cates that depend on the shielding gas used, the welding
current, and the diameter of the gas cup.

b
Plasma arc welding (PAW)

The principles of plasma arc welding are similar to those of TIG welding, but instead
of the arc being atlowed to develop its normal bell shape from the electrode to the
workpiece, the arc, is constricted in the inert gas by a surrounding copper nozzle. The
arc gas flows through the nozzle and additional shielding gas flows around it, within
an outer shielding gas nozzle. The constricted arc retains a more narrow cylindrical
shape which has several benefits: .

a. it gives a higher current density and deeper weld pool penetration,
_b. it gives a longer arc,
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c. it is much less sensitive to stand-off distance, '
d.  itcan be run at currents as low as 0.1 A (micro-plasma),
e.  itcan be used for keyhole we!ding.

For metal welding purposes, a transferred plasma arc is used between the tungsten
electrode and the workpiece. For relatively few applications the arc is run from the
electrode to the nozzle and the gas is heated by flowing through the arc. The arc does
not reach the wockpiece, and this is known as a non-transferred plasma arc, which is
used when a very hot stream of inert'gas is required.

Continuous wire welding

Stick electrode welding has an inherent problem. Each stick makes a new weld that
requires a start and a finish. The interruptions when discarding the stub and inserting
a new electrode result in operating factors that are only about one half of that found in
continuous wire welding. Consequently, because of its higher productivity and lower
costs, in developed countries. welding with continuous wires has replaced stick
electrodes, and in the UK, Germany, USA. etc. continuous wire welding with various
processes accounts for well over 50% of all stcel weld metal deposited. Continuous
wire welding may be semi-automatic or autormnatic.

Semi-automatic welding is defined in BS 499 : Part 1 : 1991 as "Welding in which
some of the welding parameters, such as arc length are automatically controlled, but
manual guidance is necessary." {In automatic welding all the parameters are
controlled.) Modern semi-automatic welding was made possible by the development
of power sources with constant voltage output characteristics, which in combination
with a constant speed wire feeder gives rapid arc regulation during the inevitable
movement of the gun during manual welding. The term semi-automatic is generally
applied to the use of continuous electrodes that can be solid or tubular cored wires,
and the arc is protected either by a shielding gas (MIG/MAG), a flux (submerged arc
or seif-shielded FCAW), or both gas and flux (gas-shielded flux-cored arc welding).

Continuous wire welding can be applied to 1he following processes:

¢ Metal inert-gas {(MIG), metal active-gas (MAG) welding, gas metal arc welding
(GMAW).
*  Cored wire welding, flux-cored arc welding (FCAW).

¢  Submerged arc welding (SAW).

Mechanised wire feeding can be applied 1o TIG and plasma welding in mechanised
applications, but those processes generally use cut lengths of filler rod, fed manually
into the weld pool.

Power sources, wire feeders, and guns are essentially similar for continuous wire
welding, whether they are used for MIG/MAG, FCAW, or SAW, and they are
considered as a single group in Unit W1l. Powers sources supply the necessary
voltage and current, the wire feeder pushes the wire through the cable at controlled
speeds, and the gun that must perform three functions:

1. feed the wire into the arc,
2. conduct the welding current 1o the wire,

3. provide a gas shield around the arc,

MIG/MAG welding

MIG/MAG welding uses a continuous solid wire electrode that is fed into the arc
which is protected by a shielding gas, that might be inert or active, depending on the
wire being used. No flux is present and all the alloying clements in the weld metal

D Ruane & T P O Nelll W3S'S
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must be provided via the wire. The range of different steel compositions available in ©
the form of MIG/MAG wires is very limited compared with MMA ‘electrodes. For
steel welds. the wire contains silicon and manganese to combine with oxygen that
enters the weld meta! from the gas shield, and other alloying elements, such as nickel,
chromium, and molybdenum.
MIG/MAG welds are made with the electrode running at positive polarity. In addition
to producing deep penetration, this has the added benefit that the flow of electrons
from the surface of aluminium and magnesium alloys causes the natural oxide layer to
be blasted off the surface, allowing clean high quality welds to be made without the
addition of fluxing agents. The cleaned strip alongside a MIG weld in aluminium is
quite evident. -

DC current with electrode negative polarity and AC is not used for MIG/MAG
welding.

Itis impossible to deal with the advances now being made in power source technology
if we do not understand the way in which metal is transferred across an arc.

Metal transfer when welding with continuous wire electrodes

A clear understanding of metal transfer is very important, especially when dealing
with pulsed welding and other sophisticated power sources that are now being
introduced. In MIG/MAG welding it is quite obvious that not all welding arcs are the
same. Some arcs are very smooth, making a quiet hissing noise, and the molten weid
metal is deposited in small well-controlled droplets with very linle spatter. Others
make a crackling sound and are rougher, throwing the metal from the wire in large
drops, some of which miss the pool and spatter the surrounding area. Some arcs have
more force rthan others. Some give deeper penetration and some are very effective in
keeping the slag/fsilicate from running into the arc.

The important types of transfer are globular, short-circuiting {(or dip), spray, and
pulsed spray. The important factors that control metal transfer are:

current,

voltage,

wire diameter,

electrode extension (stick-out,
shielding gas.
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The conditions that lead to the various types of transfer are shown in the following
. table: .
Table W3-2

Principle factors that influence mode of transfer during MIG/MAG welding

Transfer | Shieldinggas | Wire diam®, Average Voltage
mode mm current®, A

Globular CO, 0.8 All currents >22
Ar+>10%CO, | 10
1.2
1.6

Ar, Ar-O, 0.8
Ar+<10% CO, 1.0
1.2
1.6

All shielding 08

gases 1.0
1.2
1.6

Pulsed Ar, Ar-O,
spray Ar+<10% CO,

* Electrode extension also influences the transition current.

Whereas the shielding gas and current control the transfer mode with solid wires, the
mode of transfer from tubular wires tends to be dominated by the core type. The
dominating role of the flux allows transfer tvpe 10 be used as a means of classifying
cored wires. The mode of metal transfer is reasonably easy to recognise and the
American Welding Society uses metal transfer as one of the ways to classify wires for

specification purposes.
Globular transfer

During globular transfer, the end of the wire meits and forms drops that move around
the tip of the wire. This is seen at low currents with all shielding gases, and at higher
cwrents in all gases except argon-rich gases with less than about 10% CO,.
Argon-20%CQO, and pure CO, give globular transfer ar high currents. The
characteristics of globular transfer are a crackling arc, broad penetration, and
moderate spatter. which increases with the CO. content of the shielding gas.
Argon-20%CO, is an economical compromise. Pure CO, is cheaper bur spatter
cleanup costs are higher,

Transition current

In argon-rich gases, such as Ar-10%CQ, low currents give globular transfer, but if the
current is raised the transfer will suddenly change to axial spray transfer at what is
known as the transition current. The value of the transition current depends on the
wire diameter and the electrode extension, and tvpical values are shown in Table
W3-2 above. There is no transition current in gases with higher CO, contents.

Axial spray transfer

In spray transfer from a solid wire, the arc climbs a short distance up the wire which
melts to a pointed end. The metal leaves the point in a spray of very small droplets
that are cleanly projected in line with the axis of the wire. The momentum of the
stream of hot droplets causes deep penetration along the centre line of the weld, which
in cross section is known as finger penetration. Spray transfer is clean, and produccs
relatively littte fume, but its disadvantage is that it occurs only at relatively high
currents  with solid wires. Continuous (as opposed to pulsed) high currents produce
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large weld pools which are unsuitable for vertical and overhead welding. Therefore, *
continuous spray arc transfer from solid wires is used only for flat and horizonga!
welding of steel or aluminium alloys.

Axial spray transfer is seen clearly with solid steel wires, in argon and argon-based
gases that contain up to about 10% oxidizing gas, such as oxygen or carbon dioxide,
butonlyalcunmlsaboveﬂmmiﬁoncmSpmynnsferisnmseenatmy ]
current in other shielding gases, such as argon-based gases containing more then
about 10% carbon dioxide, or in pure carben dioxide. o
Spraynnnsfaissamwiﬂlanmnberoﬂypsofmedwﬁm. although the axial spray '
is not as concentrated as it is with solid wires. Consequently, a spray arc weld pool
produced by an EXXT-1 wire has deep penetration but it does not show the namow
finger penetration typical of solid wire spray arc welds, Meral transfer from cored l
wires is dominated by the flux type and there is no sharply defined transition current
from globular to spray. :

The other major difference, compared with solid wires, is that cored wires do not
require argon-rich shielding gas for spray transfer. The EXXT-1 and -2 grades of
ﬂux-cored“dmspmducemyumferoverawidemngeofcmtsincarbon
dioxide or argon-carbon dioxide mixtures. Some of the modemn T-1 wires give as
smooth an arc in carbon dioxide as earlier wires did in argon-based gases. .
Metal-cored wires are generally classified as T-1 types by AWS because they give
spray arcs with argon-rich gases that contain 2% or 5% oxygen, or up to about 10%
CO,.

A major benefit of cored wires is that smooth spray transfer can be extended down to
lower currents than can be used with solid wires. This means that it is not necessary to
resort to short-circuiting transfer. Even at low currents the arc is continuous and it
gives good fusion with less spatter, making flux-cored wires ideal for all-position
welding. '

Short-circuiting or dip transfer

At low currents (below the transition from globular 1o spray), globular transfer can be
modified by the applied voltage. If the voltage is lowered, the arc length will become
shorter until the wire eventually touches the surface of the weld pool. This cause a
short circuit and the current rises to very high values, dependent on the characteristics
of the power source. The end of the wire then melts off (like a fuse wire) and the arc is
re-started. By control of the arc voltage and the rate of rise of the current (by
inductance or electronic control of the power source), spatter can be greatly reduced,
but not eliminated. Metal is transferred only during the short-circuit period, when the @R
wire is in contact with the weld pool, and the workpiece is melted only during the
arcing period,
The smail pool and low heat input are ideal for the welding of sheet in all welding
positions, which is the major application of short-circuiting transfer solid wire
welding. Short-circuiting transfer welding of thick sections requires skill to prevent

i fusion in the root and against the side walls. It is

g. and skill that have given short-circuiting transfer

welding a deservedly bad reputation. For example, dip transfer is not allowed in most
structural welding because it is difficult to ensure its soundness and quality.

Short-circuiting or dip transfer is generally not required in the use of flux-cored wires
(which produce slag to support the weld pool}, but it is necessary with metal-cored
wires for positional welding and therefore needs some discussion. The main
applications of short-circuiting transfer are (1) the welding of steel sheet and thin
plate with solid wires having diameters in the range of 0.6-1.2 mm where shailow
penetration and low arc energy are required, and (2) positional welding of light
structural steel where only & very small weld pool can be used because there is no slag
to support the weld pool. .
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Pled spray e

Since the early 1970's, there has been a growing interest in power sources that can
supply current pulsed with controlled peak currents, background currents, peak widths
and pulsing frequencies. Pulsed welding offers the possibility of (1) reduced spatter
and (2) improved quality, mainly as a result of improved fusion in ali-position welds.
The objective of the pulsing is to produce spray transfer which propels a droplet
during each current peak, after which the current.is lowered to a background level
that keeps the arc alight, but does not produce a large weld pool as it would if the
current continued at a steady spray level. Pulsing combines the benefits of the
cleanliness, directional transfer, and improved penetration of spray transfer with the
smaller weld pool of short-circuiting transfer. This makes it useful for all-position
welding of heavy steel sections, instead of short-circuiting transfer, thereby making it
a competitor with cored wire welding.

Pulsed MIG/MAG welding is an area of much interest which has not been thoroughly
explored, but pulsing capability is being incorporated into many power sources and
welding engineers should keep themselves informed of progress.

MIG/MAG positional capability and electrode sizes

In conventional MIG/MAG welding a continuous solid wire electrode is fed at
constant speed into a regulated arc that is protected by a gas shield. No flux is present
and the only slag that forms is the result of deoxidation by silicon and manganese.
Only very small weld pools can be supported in positional welding. High wire feed
speeds and correspondingly high currents give high deposition rates that can be used
only in ftat and horizontal positions. )
MIG/MAG wires are generally availabic in 0.6, 0.8, 0.9, 1.0, and 1.6 mm sizes.
Because solid wires produce virtually no slag to support the weld pool, positional weld
pools are held in place only by surface tension. If the pool becomes too large it will
fall out. Large currents lead to large weld pools. Therefore, positional welding is
possible only with relatively small pools produced at low currents, but if we are
making a flat or horizontal MIG/MAG weld with. say, 1.2 mm wire at 200 A, we
cannot simply tum down the current t0 makc a positional weld because the arc
becomes unstable,

Positional welding with solid MIG/MAG or metal-cored tubular wires is possible with
either dip transfer or pulsed spray transfer. Dip transfer is suitable for thin sections
but thick sections require higher heat input to ensure adequate fusion, and dip transfer
is likely to cause lack-of-fusion defects, especially in roots and against side walls.

MIG/MAG shielding gases

The major shielding gases used for MIG/MAG welding of steels are:

®  carbon dioxide, CO,

*  argon-CO, mixtures. typically 10% (spray transfer) or 209% (globular transfer)

*  argon-oxygen (2% or 5%) for stainless steels

¢ argon-helium-CO, (for higher arc voltages)

Aluminium alloys are welded with pure argon or argon-helium mixtures (when extra
heat is required).

Always check that the correct gas is being used.

Cored wire welding, flix-cored arc welding (FCAW)

Recent years have seen significant increases in the use of cored wires. These wires arc

hollow tubes filled with mixtures of metal and flux powders (flux-cored wircs) or with

metal powders only (metal-cored wires). The flux constituents provide similar benefits

to the coatings on stick electrodes. and flux-cored wires have been described as

“inside-out sticks®, although the shielding gas is usually supplied as a separate
_ external shield around the arc. Metal-cored wires do not produce significant slag

< TP O'Nell
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' positions. Neither British Standerds nor AWS have yet made sufficient distinction
between metal-cored and flux-cored wires, but a metal-cored classification will be
included in the new BS EN 758 when it is published.
Metal-cored wires have exceptional arc stability and are superior to solid wires,
especially at high deposition rates. Because it is much cheaper to add elements such as
chromium as a powder in the core, that to make the wire from solid chromium alloy
steel, metal-cored wires provide flexibility in alloy additions. ,
Flux cores add alloying elements and provide slag cover that makes it possible use
higher deposition rates than any other process in positional welding. Most flux-cored
wires are gas shielded but seif-shielded (gasless) wires are also available and should
always be considered for site welding. l

Cored wire positional welding capability and electrode sizes :

The positional welding capability of cored wires is indicated in their classification.
Metal-cored - wires do not offer any significant advantages for positional welding
_because they must be operated in dip transfer or pulsed transfer modes. Metal-cored
wires are sold in 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, and 2.0 mm sizes.

Flux-cored wires are sold in sizes from 0.8 up to 3.2 and 4.0 mm. Positional welding,
capability is very good in sizes up to 2.0 mm, but the smaller wire wires are becoming
very popular because of the ease of use, althdugh their price increases significantly at
small diameters. The main benefit is good productivity and improved quality
compared with MMA and MIG/MAG welding.

When substituting a cored wire for a solid wire, it is not necessary to use the same
diameter. Flux-cored wires are suitable for positional welding in sizes up to 2.0 mm.

There is no advantage in using metal-cored wires for positional welding because dip
transfer must be used. Metal-cored wires are especially good for high speed welding
in the flat and horizontal positions under spray transfer conditions.

Metal-cored wire shiclding gases

Metal-cored wires are always require a gas shield. The most common shielding gases d
are:

¢ carbon dioxide. CO,

¢ argon-CO, mixtures, typically 109 (spray transfer) or 20% (globular transfer) '

Metal-cored wires give especially smooth metal transfer when using argon-10% CO,
or other gas mixtures that give spray transfer.

Flux-cored wire shiclding gases

Flux-cored wires often contain arc stabilizers that give smoother metal transfer than is
possible with solid wires in argon-20%CO, or pure CO,. High argon content gases or
helium mixtures are not necessary with flux-cored wires.

Self-shielded wires do not need external shielding gas because their core contains all
the ingredients necessary to deal with contamination from the air around the arc.

“

Submerged arc welding, SAW

Normally submerged arc welding is used as an automatic process, but it is important
to remember that all continuous wire processes can be used manually
(semi-automatic) or in mechanized forms (automatic).

In submerged arc welding, the arc is protected by a layer of flux powder that is laid .
around or in front of the wire along the path of the weld. The wire is pushed through
the powder to strike an arc when it touches the workpiece. Because the arc is always
under the protective powder, it cannot be seen and it must be steered along the correct
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path by mechanical or manual means. The presence of the flixx fayer results in the
benefits of no arc glare and very little or no fumes, and complete freedom from

spatter.
Submerged arc welds typically have very good quality, which has led (o the process
being used for critical fabrications including pressure vessels, offshore structures, etc,
and any fabrication that can be tackled with the process. The welds are sound,
uniform in shape, and have excellent surface quality. Although it associated mainly
with heavy section welds, it is also ideal for sheet metal joints because of its minimal
distortion and freedom from spatter compared with other arc processes.

Welding power can be DC+ve, DC-ve, or AC, supplied by drooping or flat
characteristic power sources. The early sets ran with constant current (drooping
output) power, and arc was regulated by controlling the wire feed speed from the arc
voltage. When the arc became 100 long, the arc voltage rose and speeded up the feed
motor. This is satisfactory for welds made at high currrents with wires larger than
about 3.2 mm. Early submerged arc welds were made at curvents up to 2000 A on a
single 6.3 mm wire, but the need for higher weld metal toughness led to the use of
lower currents on smaller wires to give smaller weld beads. The inadequate response
of the mechanical control of wire feed speed, at high feed speeds, led to the use of flat
characteristic output (constant voltage) in which the feed speed stays constant and the
arc is regulated by rapid changes in welding current.

DC+ve polarity is used for most submerged arc welds because its deep penetration
gives excellent quality with little possibility of tack of fusion. The deep penetration
provides scveral benefits that should be used. In structural work, such as bridges, the
leg length of fillet welds can be reduced, and butt welds to thicknesses of at least 12
mm can be made with square edges and one pass from each side that penetrates more
than 50% of the thickness.

Al the same welding current. DC-ve polarity will give shallower penetration and
higher deposition rates than with DC+ve, making DC-ve ideal for surfacing
applications. especially if long stick-out is also used. Submerged arc welding is the
most common method for building up and hardfacing of worn components, such as
earth moving equipment, steel mill rolls, etc.

AC polarity is used where arc blow can be a problem with DC welding current. Heavy
fabrications. especially in alloy steels are best welded with AC Deposition rates and
penetration with AC are between those of DC+ve and DC-ve.

Equipment

Submerged arc welds are often made with currents that might be as high or more than
1000 A. and with wires having diameters up to 4 or 5 mm, and the time required for a
single pass on a large fabrication may be more than 10 minutes.

For heavy fabrications the equipment must be sturdy with capability of feeding thick
wires, and the power source tnust be rated for 100% duty cycle.

Nonmally the equipment consists of three parts:

1. The equipment required for moving the workpiece relative 1o the welding head.
or vice versa. The most common pieces of equipment for submerged arc welding
are columns and booms, positioners, and rotaters.

The welding head, which usually consists of the wire feeder and a control box.

The power source nowadays is a rectifier {either constant voltage for smaller
wire sizes. constant current for larger wire sizes, or multi-process), or a
transformer for constant current AC.

For structural work it is often more convenient 10 use tractors that combine the feeder
and coatrol box with mechanisms for controlling travel speed. Tractors are very uscful
for applications such as deck welding, and making fillet welds on long beams

© Ru & TP O'Nall
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‘ semi-automatic equipment is available for use with wires to 2.4 mm diameter, The
equipment can be used with light fixtures for jobs such as attaching flanges to pipes,
or it can be used manually for making welds with regular or irvegular paths, such as
fitlet welds around the bases of columns being joined to base plates. For
semi-automatic welding the gun feeds flux around the wire instead of shielding gas.
meﬂuxcanbefedfromasmallho;:peronthegtmitself,orthroughahmﬁuﬁa
pressurised tank.

Advantages and limitations of submerged arc welding a
The advantages are;

®  Excellent weld quality - deep penetration, little or no porosity, excellent surface l
finish,

*  High deposition rates, ‘ -
¢ High travel speeds,
*  Uniformity and reproducibility.

The major limitation is that the flux must be retained around the arc. This imits the |
process to welds made in the flat or horizontal positions, although the horizonta. _
seams of many oil storage tanks have been welded with auwtomatic machines that
retain the flux against the wall of the tank by means of a flexible belt running on idler
rolls artached to the welding head.

Submerged arc welding is capable of high travel speeds and deposition rates,
especially when more than one electrode wire is used. Pipe mills use up to five wires,
all feeding into the same weld pool, to obtain maximum welding speeds in heavy wall
thicknesses. Care has 1o be taken to avoid each arc causing interference with its
neighbours. Sometimes the DC-AC combination is used or AC-AC-AC with proper
phase control.

The process is most commonly used with automatic equipment to make either straight
line or cylindrical welds. Tractors provide more flexibility and manual semi-automatic
welding with suitable guidance (although the arc cannot be seen) can be used for bunt
welds and fillet welds. In semi-automatic submerged arc welding flux is fed down the
hose and through the gun, instead of shielding gas.

Because the process is the first choice for critical applications, such as large pressure
vessels, its other capabilities are often neglected. The arc is contained under the flux
burden and consequently the process will give good weld shape at speeds much higher ',_.
than most other processes. Submerged arc welding is ideal for thin sheet because the ®
high travel speeds give low heat input and less distortion than other processes, and

there is no spatter 10 be cleaned up. It is an excellent process for making stainless steel
equipment for the food, chemical, and pharmaceutical industries because minimum
clean-up is required after welding.

When planning a submerged arc weld, the following steps should be taken:

Design the weld to enable it to be made with submerged arc welding.
Choose the wire and flux types for the application.

Choose the current, voltage and travel speed to be used.

Choose the wire diameter to handle the current.

Set up the edge preparation and positioning equipment to ensure uniformity.
Run a trial weld, examine penerration, and weld quality.

Adjust conditions if necessary, re-examine, and when satisfactory stay with those
conditions.
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Electroslag and electrogas processes

Vertical welds in thick sections are very expensive to make by MMA, MIG/MAG, and
FCAW because deposition rates are limited. For heavy structural work, storage tanks,
and ship construction, the electroslag and electrogas processes should be considered.

Both processes make a single-pass weld across the full cross-section of the plate using
copper dams to retain the molten weld metal. The dams can be fixed, running the
complete height of the weld, or they can be small dams that are moved up the joint as

the weld progresses.
When fixed dams are used the electrode wire is guided along the centre-line of the
weld by a steel tube that is melted into the weld pool. as it rises up the tube.

When movable dams are used the wire is fed into the pool through a gun,

The molten metal is covered by a slag in electroslag welding, and the heat to melt the
wire and the faces of the weld is generated by resistance heating of the slag, not by arc
heat.

In electrogas welds, an arc between the wire and the weld pool is protected by a
shielding gas, or by the use of a flux in the centre of a tubular wire.

The use of electroslag wetding for structural work has declined because weld metal
toughness is often inadequate. but clectrogas welds are suitable for many applications,
and for the right job it is by far the cheapest process. Sections, up to 100 mm thick
can be welded in one pass by using four guide tubes, or by oscillating a single guide
tube between fixed or movable dams,

Choice of welding process
A number of factors are considered when choosing which process 1o use:

Shop or site welding conditions.
Number of pieces to be produced,
Welding positions that can be used.
Availability of approved procedures.
Availability of approved welders.
Availability of suitable equipment.
Cost of purchased or hired equipment.
Welding times (deposition rates x operating factors) required for different
processes.

Edge preparations required.

Clean-up required after welding.
Reliability of process.

Smooean g
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General

BS 499 : Part | defines thermal cutting as: "The parting or shaping of materials by the
application of heat with or without a stream of cutting oxygen'.

The heat source applied for cutting may be either gas flame or electric arc.

Flame cutting processes

General

Carbon and low alloy steels are the only metals usually considered as being suitable for
flame cutting. These are usually cut using the oxy-acetylene process, although
altemative fuel gases such as propane and natural gas can be used, these provide a
lower flame temperature and are generally (though not always) less efficient. Other
fuel gases, e.g. hydrogen, may be used for specialised processes.

Flame types
The terms neutral, oxidizing and carburizing would normally be used to define the
types of oxy-acetylene gas flames. Sce also diagrams in Unit W3-4.

The neutral flame:

This flame has equal quantities of oxygen and acetylene. It is used for the cutting of all
carbon steels, and can be used on stainless steel if iron powder injection is used to
produce the necessary chemical reaction on the otherwise oxide resisting surface,
however, this is more of a severing process rather than a cutting process.

The oxidizing flame:
This flame has an excess of oxygen. [t has no practical application area in cutting.

The carburizing flame:

This flame has an excess of acetylene. It is used for the cutting (severing) of cast iron;
see W4.3 The flame cutting of cast iron.

Procedure for flame cutting

A heating flame is used to raise a spot of the metal to be cut to its ignition temperature,
i.e. 870°C+. Steel heated to this temperature instantly oxidises to magnetic oxide of
iron (Fe,0,) when subjected to a high pressure oxygen jet. This oxide has a melting
point well below the steel from which it was formed and is therefore immediately
melted and blown away in the oxygen stream leaving a cut, or kerf, approximately
1.5 mm wide.

Oxygen and cutting gas selection
Oxygen as the supporter of combustion is an essential part of the preheating flame.
There is a choice of fuel gases to use with the oxygen. The most common fuel gases
are acctylene, propane and methane (natural gas). Hydrogen may also be considered
for underwater cutting.
The corresponding flame temperatures for these gases when combined with oxygen are
as follows:
¢  Oxy-acctylenc 3100°C
®  Oxy-methane 2710°C
®*  Oxy-propanc 2815°C

Oxy-hydrogen 2825°C
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Flame cutlng mtfods

Cutting mybepafmmedmanuaﬂyusingahmdtqmb.orbysenﬁorﬁ:lly automatic
cutting machines. The construction of the cutting torches are essentially the same but
cach type has its advantages.

Whether hand or machine cutting is used, care should be taken to ensure that the cutting

does not allow the work to collapse causing possible injury to the operator or damage
to the machine/hoses etc..

Hand cutting .

A considerable amount of practice is necessary to develop the skill required with hand
cutting. Due to the difficulties in maintaining a consistent rate of travel, the cut made
by hand cutting will usually be inferior to that made with a correctly operated machine.
However the hand cutting torch is an invaluable tool in the fabrication industry
particularly on-site where its total portability and versatility in the hands of a skiiled
operator make it superior to any other cutting technique. To improve the quality of cut,
rollers and guides may be attached to the nozzle.

The fuel gas used with manual cutting is normally acetylene because the higher flame
temperature gives shorter preheating times and assists in maintaining a continuous
cutting action. Propane could be used, particularly for general purpose and demolition
work etc., where the quality of cut is not of prime importance.

Semi-automatic cutting

Usually operated on-site, particularly for the cutting of pipe ends, semi-automatic flame
cutting is a well established practice. The cutting torch, or head, is mounted on a
wheeled carrier which in turmn is attached to a track or chain device fitted around the
pipe circumference.

When cutting commences the rate of progress is controlled by manually turning a
handle which drives the cutter in the forward or reverse direction. It is possible for the
cutting head to either traverse around the circumference of a fixed pipe, or for the cutter
to remain stationary while the pipe rotates beneath it.

if a variable speed electric motor replaced the manual drive then it would be termed
automatic and could also be used on flat plate operating on tracks or guides. The fuel
gas used would normally be acetylene or propane. '

Automatic cutting machines

Automatic cutting machines, commonly termed profile cutters, usually have a fixed

base and are therefore typically encountered in fabrication shops etc.. These cutting

machines have a very wide scope and will cut plates accurately to any required shape,

cither by magnetically following a steel template or by clectronically following the

outline of a drawing.

A big advantage of this type of machine is that multiple cutting heads and/or stack

Stack cutting involves the cutting can be used, greatly increasing production.

simultaneous cutting of a Because of the fine control associated with automatic cutting the fuel gas used could be

:::;lb;’hz_ plases on top of acetylene, propane or even natural gas from the mains supply providing it is properly
' regulated and controlled. - :

The effect of flame cutting on steel

Flame cutting involves both rapid heat input and rapid heat loss. The overall effect of
this, is increased hardness of the cut edge which rarely extends inwards for more than a
distance of 3mm. The degrec and severity of the hardness encountered will be
dependent upon the steel's carbon and/or alloy content. Steels with 0.3%C and below
can normally be cut without any problems, the cut edge can be welded on directly (after
basic cleaning) and the heat evolved from the welding process would be sufficient to
remove any hard spots/areas present.

It is recommended that steels with a carbon content above 0.3% and/or with alloys of
nickel, molybdenum, manganese and chromium (<5%) are subject to a preheat

W4-2
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treatment to reduce the possibility of edge cracking. Post cut machiningfgrinding to
remove 1-3 mm of the cut edge may also be necessary and may be specified in the
procedure. Post-heat may also be a consideration.

Other factors affecting increased hardness include:

®  the type of fuel gas used (flame temperature).

® the plate thickness; thick plates will harden more than thin plates due to faster heat
dissipation.

®  the cutting speed; the faster the cuttmg the more rapid the heat loss.

Flame cutting - special applications

General

As previously stated, flame cutting is normally only carried out on carbon and low alloy
stecls and usually in normal atmospheric conditions using a strictly neutral heating
flame; it can however be used outside these criteria and specifically for:

e the flame cutting of cast iron,
*  underwater flame cutting.

The flame cutting of cast iron

The flame cutting of cast iron is made difficult by the action of the silicon and graphite
content which tend to resist oxidation, however, reasonable cuts can be made using the
oxy-acetylene process. Pressures for both gases would typically be increased by a
factor of 3 when compared to a similar thickness of carbon steel.

‘The flame used must have a large excess of acetylene, i.c. be of the carburizing type.

To overcome the tendency of the kerf to clog, a slight side to side weaving action of the
nozzle is required.

The higher gas pressures necessary to maintain oxidation cause much higher levels of
heat to be evolved; the process also produces very high levels of fume and appropnate
precautions against both must be taken.

Underwater flame cutting

Underwater flame cutting is carried out by skilled divers on steel construction, repair
and salvage work on ships, dry docks, pipelines, dams, piers, offshore rigs, tunnels etc..

Standard cutting torches may be used up to about 9 m depth but, as a rule, special
underwater cutting torches fitted with air hoods or caps are used. These special torches
are supplied with compressed air to form an air bubble around the nozzle, this keeps
water away from the surface being cut and allows faster preheating. The latest torches
concentrate the flame to achieve rapid preheat without the use of air hoods etc..

The fuel gases which can be used underwater are very limited, they either lack
Water has a cooling action sufficient thr:rmal output, begiq to liquify as the pressure (depth) increases, or cannot be
approximately 40 times used at the high pressures required.

greater than air. For example, the maximum draw off rate of acetylene is 15 p.s.i. (22 p.si. with
H.S.E. approval). At 30 foot depth the pressure is 15 p.s.i., 50 no gas would come out
of the nozzle; go any decper and water would flow back into the equipment. Therefore
acetylenc is only used down to around 5-6 foot depth. Propane and natural gas lack the
thermal output to be used at any depth.

LPG with methyl additives-such as MAPP gas and Apache gas—can be fed to the
nozzle at up to 100 p.s.i.. These gases have thermal outputs close to acetylene and
could be used from 0-150 foot depth; they are mainly encountered for underwater
cutting in the USA. The normal practice for UK underwater cutting for both
commercial and military use is to use hydrogen gas as the fuel, due to its ability to
resist liquification even at the maximum depths encountered in the North Sea.

The heating flame gas needs to be kept 2-3 p.s.i. positive to the actual depth pressurc
with additional allowances being made for loss of pressure due to friction as depth and

© Resne & TP O'Nel ) W4-3
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Electric arc cutting processes

General
Although there arc other arc cutting processes, only the plasma arc process is
considered here.

Plasma arc cutting I
Plasma arc cutting uses the same power source and equipment as used for plasma arc
welding. Higher current values (300-750 amps) and higher plasma gas pressures
(45-120 ltrs/min) are used.

Both non-transferred and transferred techniques may be used, the arc temperature
being in the range of 10,000°C to 24,000°C. The plasma cutting process may be
operated either manually or as a semi or fully automatic unit. Plasma arc cutting will
cut all electrically conducting materials including tungsten etc. but is mainly used on
aluminium and stainless steels up to approximately 150 mm thick, although thicker cuts
can be achieved. :

The cut, or kerf, is produced by the action of the plasma first melting and, in some
cases, vapourising the material. The material is then blown away by the high pressure
gas stream. Cutting is instantaneous with no preheat time being necessary, the cut
surface is similar to that achieved with the oxy-acetylene process, but no oxidation is
present.

Plasma cutting produces a natural 5° bevel on the cut; this needs to be allowed for on
the set up, however, the latest equipment is capable of giving a square cut.
Meuallurgical effects are similar to oxy-acetylene cutting at high speed, with hardening
of the cut face and possible cracking-dependent upon material-being the major
problem.

Gouging processes

General

Gouging may be carried out by either a gas or arc process. The basic principles and
equipment are the same as for welding but nozzle design and/or consumables may
change. In ail cases the heat source used for gouging is pushed along the line of travel.

Gouging may be used for the following reasons:

a.  spot removal of weld defects for repair,

b. removal of tacked lugs, nuts, bolts etc.,

c.  piercing of metals to produce holes,

d.  back gouging of sealing runs in high quality welds.

Oxy fuel gas gouging

The only fuel gas with enough thermal energy for gouging is acetylene. The set up and
starting techniques are the same as for oxy-acetylene cutting, but the angle of nozzle
approach is shallower. The metal is removed to a predetermined depth governed by the
nozzle size, speed of travel and the angle that the cutting oxygen meets the plate.

These electrodes have the advantage of being able to be used with conventional m.m.a.

Grooving and gouging electrodes '
equipment. The gouging electrode is a carbon coated steel cored electrode used at ]

waa §
)




TEON: UNTE WA o THERMAL CUTTING

5-10° angle to the plate and pushed along the line of travel. “They are particularly
suited to site work where more precise methods/processes arc not available, ie. ideal
' for rougher work including the removal of lower quality welds, piercing holes and

severing metals.

Oxy-arc .

The oxy-arc process uses an electric arc struck between a hollow, flux covered steel
electrode and the work. High pressure oxygen passes through the electrode which is
held in a special gun type holder with oxygen control.

Gouging of carbon, low alloy and stainless steels is commonly carried out to a high
quality, but the gouging of non-ferrous metal will require mechanical finishing, as
would severed faces of all metals prior to welding. This process, with minor
modifications to the equipment, can be used underwater.

The arc-air process

The arc-air process maintains an arc between a copper coated carbon electrode and the
work. Twin jets of trigger controlled compressed air emerge from the head of the
clectrode holder, one either side of the electrode, and converge at the arc to blow away
the molten metal. The surface produced is generally suitable for welding with minimal
dressing to remove a thin film of deposited carbon which can cause subsequent !ack of

fusion if welded over.

© Rz & T P O'NZ
Ixxpe 1 231293




Fesnsd

NOTES

GOOD CUT

Sharp 1op and bottom
edges. Vertical drag lines
no adhering dross,
Square face. Light easily
removed oxide scale.

CUTTING SPEED TOO FAST
Top edge not sharp.

Rounded botiom edge which
may not be completely

severed. Drag lines uneven
sloping backwards

irregular cut edge.

CUTTING SPEED TOO SLOW
Rounded and melted top edge,
bottom edge rough.

Dross on botiom edge difficult

fo remove. Lower part of cut face
irregularly gouged heavy scale on
cut face.

NOZZLE TOO HIGH
Excessive melting of top
edge. Undercut at top of
cut face.

IRREGULAR CUTTING SPEED muumf~'mmxms? i

PREHEATING FLAME TOO HIGH
Rounded top edge, irregular

cul edge, melted metal falling

into kerf. Excessive amount of

dross adhering strongly to

bortom edge.

Bad gouging of lower part of cut

PREHEATING FLAME TOO LOW
face cutting speed slow. {
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NOTES

Steel

There are many types of steel, all of which are afloys based on iron. Physical, chemical
and metallurgical propertics may vary substantially between different types of stee! and
some arc more weldable compared to others. '

The properties of steels are governed by the elements and compounds that make up the
steel, the final graia structures present and condition of the steel, ¢.g. as rolled. The
content of steel is carefully determined by adding alloys and removing impurities and
excess amounts of elements or compounds already present. The content of the steel
will influence the final grain structure although other factors such as deoxidation,
cooling rates, hot working, cold working and post-heat treatment may play a major part.
Many eclements may be present in a steel, some of which are added or reduced to
certain levels to produce specific properties, for example:

®*  Carbon (C) - The key element in steels. Has a major influence on
strength, toughness, ductility and hardness.

Manganese (Mn) Primary desulphuriser and secondary deoxidizer. Often
added in order to enable the carbon content to be reduced.
Affects strength and hardenability.

Silicon (Si) Primary deoxidizer. Reduced toughness if too much
exists.

Aluminium (Al) Grain refiner and tertiary deoxidizer.

Molybdenum (Mo) - Improves creep resistance and reduces temper
embrittlement.

Chromium (Cr) Improves hardness and resistance to wear. In stainless
steels it is added for corrosion resistance.

Nickel (Ni) Improves ductility, strength and toughness. In austenitic
stainless steels it improves resistance to corrosion from
acids.

Most steel elements when present in undesirable amounts may be considered as
Hot shortness is the impurities. Sulphur (S) and phosphorus (P) in particular, are usually kept to levels
susceptability of a marerial below ~0.05%, because sulphur may promote kot shortness and phosphorus may

to cracking during hot
woarking. 5 5 promote cold shortness.

Cold shortness is the
susceptability of a material
to cracking during cold
warking. Gl"ain Stl'llctl‘ll'es

The grain structure of a material will influence its weldability, its mechanical properties
and in-service performance. The type and number of grain structures present in a
material will be primarily influenced by three factors: (1) the elements in the material,
(2) the temperatures reached during welding and/or post-weld heat treatment and (3)
the cooling rates produced. Single or multiple grain structures may be present in a
material in its fina) state.

Austenite

Austenite is the high temperature form of C, C-Mn and alloy steels which exists above
723°C. The temperature at which the steels are fully austenitic depends on carbon
content, e.g. low carbon <0.1%C - over 910°C; 0.8%C about 730°C.

The cooling rate from the austenite region determines the hardness of the steel at room
temperature.  Very slow cooling produces very soft steels; medium cooling rates
produce soft to medium steels; fast cooling can produce very hard and brittle stecls
depending on the carbon content and thickness of the steel.

W5-1
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Ferrite :

Ferrite is essentially pure iron at room temperature, it contains either very little or no
carbon. This grain structure is formed from the austenite region by holding at a
temperature which depends on the carbon content of the steel, e.g. 910°C for low
carbon steel. Fermite is very soft and ductile and has low tensile strength but has good

machining properties.

Pearlite

Pearlite forms from the austenite region under slow cooling and consists of plates of
ferrite and cementite, it is harder than ferrite because of the layers of hard cementite it
contains. Pearlite is the most frequently encountered grain structure in a constructional
steel.

Bainite

Bainite forms from the austenite region when the cooling rate is too fast for pearlite to
form, it is harder and usually tougher than pearlite. Bainite often forms in the h.a.z.
area of C-Mau steel welds.

Martensite

Martensite is a very hard and brittle grain structure but it can be tempered in order to
improve toughness. It is formed from the austenite region by quenching or very fast
cooling. This grain structure can only be formed in plain steels when sufficient carbon
exists, usually over 0.3%. For alloy steels this figure may be much lower because other
alloys in the steel - especially chromium - also have an influence. Unless specifically
designed into the steel, the presence of martensite should be avoided.

“
The heat affected zone (h.a.z.)

During welding using a fusion welding process there is a huge temperature difference
between the weld and parent material. Because of this temperature difference, the
material immediately adjacent to the weld undergoes microstructural changes. This
area, which lies between the fusion boundary and the unaffected parent material, is
called the heat affected zone (h.a.z.).

Heat affected zone
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The extent of the changes in microstructure sill depend on the following:
_ a.  Material composition; especially carbon content.
b. Heatinput. The higher the heat input or arc energy, the wider the heat affected
zone. Metallurgical properties will also be affected.

Volts x Amps
Arc gy (icl/mm)= Travel speed (mm/s) x 1000

The rate of cooling. The faster the rate of cooling the harder the heat affected
zone, especially if the carbon equivalent of the steel is high.

Volis x Amps = Waus l

1VxiA=1wan=1Jhse w

The haz. of a fusion weld on steel consists of up to four separate regions of
microstructure, the actual condition will be dependant upon the alloying elements
present and the thermal conditions applied during welding. The following grmain
structures—starting from the area immediately adjacent to the weld-are typically present
on a 0.15% C stecl:

A coarse grained region (heated between [100°C and melting point).
A grain refined region (900 to 1100°C).

A region of partial transformation (750 to 900°C).

A region of spheroidization (just below 750°C).

On C-Mn and low alloy steels, the h.a.z. of the weld tends to be more brittle, i.e. it has
a lower notch toughness, than the actual weld metal. The h.a.z. area is therefore more
prone to cracking, especially when hydrogen induced, although it must be noted that the
tensile strength of the h.a.z. is normally high in comparison with the weld and parent
material. Unfortunately, if a fusion welding process is being used, the heat affected
zone cannot be eliminated, although it can be controlled using a properly applied

welding procedure.

The eﬁ‘ectgﬁlayﬁmdrogge?in steel

O T

The presence of hy‘dmgen causesﬂéeneml embrittlement in steel and during welding
may lead directly to cracking of the weld zone. The following terms are forms of
hydrogen related problems:

Hik St 3“\ Lo . hydrogcniﬁdwggmchng" (hicc.), usin hQ.ﬂt. &ggcct QA Zone ¢ a.ck-
' fen w * fissures/micro- vspall tu
ﬂ'?loz LHSLH)MN ¢ chevron cracks, J w boc‘# cracKs.

fond 1t +m ’ ﬁs"*"’“"l‘ytlfoam inclusions

Fissures Imic,ro.. fissures Mechanism
d‘ eron crcmks The following text dqm?gs the mechanisms believed to be involved with the
formation of Aydrogen induced cold cracking (h.i.c.c.) in steek:
Hydrogen enters a weld via the welding arc. The source of hydrogen may be from
moisture in the atmnosphere, contamination on the weld preparation, or moisture in the
electrode flux. With the m.m.a. and s.a.w. processes, the selection of flux type will also
affect the H, content.

The intense heat of the arc is enough to breakdown the molecular hydrogen (H,) into its
atomic form (H). Hydrogen atoms are the smallest atoms known to man and therefore
can easily infiltrate amongst the iron atoms while the weld is still hot. When the weld
area is hot, the iron atoms are more mobile thereby producing larger gaps between
themselves, i.c. the steel is in an expanded condition.
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and atmosphere, but some of the hydrogen atoms become trapped within the sweld zone.
This is due to the iron atoms settling as the weld cools, therefore the gaps between them
become smaller, i.c. the steet is contracting.

Below ~200°C the element of hydrogen prefers to be in its molecular form (H,), the
individual atoms of hydrogen are attracted towards each other as the weld cools and
they congregate in any convenient space as microscopic gas bubbles.

When the hydrogen molecules exist in large oumbers, a lot of pressure is
exerted—60,000 to 200,000 p.s.i.! Because of this internal pressure, the adjacent grain
structure may react in one of two ways:

FEL

RN AR LS LT BT

Weld fractures associated with hydrogen are more likely to occur in the h.a.z as this
area tends to have increased brittleness. It must aiso be observed that it usually takes
an external stress to initiate and propagate a crack. Lower temperatures will decrease
the fracture toughness of the steel and at the same time increase H? pressure.

Conclusion: before hydrogen cracking occurs the following criteria must exist:

rate

Hydrogen scal S
The following chart shows terminology used by the International Institute of Welding
(ITW) and- 3%!#&11 regard to hydrogen levels per 100 grams of weld metal
deposited: .

H, Content (ml)
>15

210515
25<10

<5

ow
High
Medium
Low

. Very low

BS 5135
Scale-A

- Scale B
Scale C
Scale D

Hydrogen content of weld processes

The hydrogen content in a specific weld depends on a variety of factors such as the
degree of contamination on the weld preparation, the arc length used, the amount of
water vapour in the immediate environment and cooling rate of the weld. However, it
is still possible to approximate hydrogen contents of welds made under typical well
controlled conditions. The amount of hydrogen remaining in a weld - assuming no
hydrogen release post-heat treatment process has been used - will depend largely on the

lssox 3 110995
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welding process used. Shown bclow are weldmg processes ‘with hydmgen levcls
achieved per 100 grams of weld metal deposited:

1. T}g - < 1 ml is possible.
‘Mig/mag - <2mlis possible.
‘Electiosig!  ->3mlis likely. = Reasen is ne8 arc,

M.m".i._" - < 5 m! possible for high temperature baked basic electrodes,
but could be as much as 70 ml for centain cellulose electrodes.

-Submcrge?:! arsg - > 5 mi but could be as much as 50 ml. Depends on flux type
T and heat treatment of flux.

Flux cored ﬁ:&p;:- 10 ml is likely.

The carbon equivaléiit of steel

The Teq%_of a steel primarily relates to its hardenability. ' If a steel has a refatively
high Ceq% it will be more susceptible to hardening in the heat affected zones of any
welds made. in comparison with welds made on steels of low Ceq%. Hardenability
affects wetdabzmy. thercfore materials of high Ceq% are considered more difficult to
weld.

The Ceq% of a material depends on its alloying elements. The typicat elements in a
high-grade carbon manganese steel are as follows:

Iron (Fe) Silicon (Si)
Carbon (C) Titanium (Ti)
Mangenese (Mn) Niobium (Nb)
Chromium (Cr) Aluminium (Al)
Vanadium (V) Tin (Sn)
Molybdenum (Mo) Sulphur (8)
Nickel (N1) Phosphorus (P)

The Ceq% of a low alloy steel is usually calculated from the LI W. carbon equivalent
Sormula:

Cr+Ma+ V Cu+ Ni
6 5 15

Only carbon and manganese have any significant effect on the final Ceq% figure on
carbon/carbon manganese steels, therefore the formula may sometimes be shortened to:

Ceq¥%=C + M

Ceq% c+Mn”
6 .;
0. l% C has the same effect on hardenability compared to 0.6% Mn, therefore the
manganese content is divided by 6 because one part of Mn has one sixth of the effect
on hardenability compared to one part of C.

A carbon equivalent value less than approximately 0.4% would be considered low for a
low alloy steel (this includes C-Mn steel).
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EXAMPLE
What is the Ceq% of a steel which contains 0.12% carbon and 1.3% manganese?

c¢q%=c+%

13

Ceq® =0.12+

Ceg% =0.12+0.216r

Ceg =0.336%

Preheat
Preheat is the application of heat to a joint prior to welding and is usually applied by a
gas torch or induction system.

Preheat is an expensive operation and is therefore only carried out when necessary,
i.c. if there is a significant chance that adverse. metallurgical structures and/or cracks
could occur.

Preheat temperatures on steel p:pe and many swel suucum arc amved at by tak

b

.’:;’ ¢_.;r £ m-ua .“3' " ‘)ati"! ()

ahn .{ on Ceq% thicknesses and arcencrgy

'l'hlcker materials nommlly require higher preheat temperatures, however, for a given
Ceq% and arc energy, the preheat temperature is likely to be the same for wall
thicknesses up to approximately 20 mm. A typical specification example of preheat
temperatures for C-Mn steel 8-20 mm thick which is based on Ceq% values is as
folows:

"For Ceq S0.4% - mmom

For Ceq >’

ForCeti >048%: \
The welding inspector would usually find the preheat temperature to be used from the
relevant wcldmg procedure.

Preheat temperatures may be measured by the use of a touch pyrometer (thermocouple)
or temperature indicating crayons (Tempil sticks). Temperature indicating crayons -
exist in two forms: the type that melt, and the type that change colour. The method of
temperature measurement 10 be used is sometimes stated in the specification for the
work being carried out.
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If preheating is being applied
and tack welding is carried
oul prior to the main
welding, these tacks should
also be preheared.
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Preheat temperatures are measured at intervals along or around a joint to be welded.
The number of measurements taken must allow the inspector to be confident that the
required temperature has been reached over the full area to be welded. Specifications
sometimes specify that the preheat temperature must be maintained over a specified
distance from the joint faces, e.g’ $0-100 mm.

The preheat temperature should be taken immediately prior to welding. If a gas heat
source has been used, sufficient time must be allowed for the temperature to equalize
throughout the thickness of the components to be welded, otherwise only the surface
temperare will be measured. Time lapses vary depending o1 ~$pecification’
fequircments, ¢7g. BS 5135 states 2 minutes for a 25 mm wall thickness, 5

b—_— ™
Interpass temperature

The temperature of et‘he joint during welding and between passes is known as the
b:reipqﬁr}_reinp?@u:rs; It is often specified that the interpass temperature must not drop
below the minimum preheat temperature.
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Weldability

Definitions
A metallic material is considered to be weldable, to a certain degree, by a given
process and for a given purpose, when a continuous metallic connection can be
obtained by welding using a suitable procedure, so that the joints comply with the
requirements specified both in regard to their local properties and their influence on the
construction of which they form a part’' - The International Institute of Welding
(LLW.).

“The capacity of a metal to be welded under the fabrication conditions imposed into a
specific, suitably designed structure and to perform satisfactorily in the intended
service.' - The American Welding Sociery (A.W.5.).

“The ease with which a material or materials can be welded to give an acceptable joint."

-BS 499 : Part I : 1991 : Glossary for welding, brazing and thermal cutting.

It is difficult to assess weldability in absolute terms; it is therefore usually assessed in
relative terms.

Factors which affect weldability

I. Design:
a.  access;
b.  restraint,
2. Metallurgical properties:
a.  structure and properties of the weld metal;
b.  structure and properties of the h.a.z..

3.  Physical properties:
a,  thermal resistance;
b. coefficient of thermal expansion;
¢.  elastic modulus;
d. viscosity of molten materiat.
4.  Chemical properties:
a.  oxidation resistance;
b.  surface films;
c.  impurities.

© Ruang & T F O'Nelll
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Creep is the siow plastic
deformation of a material
under constant stress.

HSLA = high strength =

low alloy

Steel types and their weldability
There are various ways to group steels, e.g. by composition, by use, by grain structure

> ¥

and by the primary property they possess. The following list shows steels identified
the common terminology used when they are referred to in industry:

Steel type

Main ailoys

Comments

Weldablity

Rimming steel

<0.15%C

A form of low carbon
steel which is not
deoxidized.

Good, but the weld pool
will require deoxidant(s)
to be added via the filler

consumable.

Balanced steel

A general
construction steel.

Good, but an excess of
certain residuals,
especially sulphur, may
lead to cracking.

Killed steel

<0.26% C
< 1.0% Mn

A deoxidized steel
excellent for cold
working. Includes
mild steel.

Good, but an excess of
certain residuals,
especially sulphur, may
lead to cracking.

Medium carbon
steel

0.2-05% C

Used for forgings,
shafts, gears ...

Fair. Susceptable to
hicc.inthe haz
especially on thick
sections,

High carbon
steel

0.5-14%C
0.2-1.0% Mn

Mairily used for wear
resistance.

Poor. Susceptable to
h.i.c.c. in the h.a.z. and
to solidification
cracking,

Carbon
manganese steel

<027%C
0.3-1.4% Mn
High grades
contain V, Nb
and Ti

Widely used high
strength steel used in
construction. Good
toughness properties.

Good. The main
problem is to maintain
mechanical properties

Low temperature
(cryogenic) steel

3.5-9.0% Ni

Applications such as
storing and/or
transporting liquid
nitrogen, oxygen etc..

Good. High Ni content

material is susceptable to

solidification cracking.

High
temperature
creep resistant
steel (Mo and
Cr-Mo types)

0.2-0.3% Mo
<90%Cr

Service temperatures
up to 600°C
depending on steel
type.

Good to poor depending

on cotnposition. Low Cr

steels are difficult to
weld.

Micro-alloyed
steels (HSLA)

Small amounts
of V, Nb
and/or Ti.

These steels behave
in & predictable
manner

Good, but sometimes

susceptable to h.i.c.c. in
the weld metal.

Austenitic
stainless steel

18-27% Cr
8-22% Ni
<0.08% C

Non-magnetic.
Commonly welded
steel used for a wide
range of applications
where cotrosion
resistance is a
primary reguirement.

Good. Problems with
solidification cracking
and weld decay may be
encountered with
unstabilized types.

© Roape & TP O'Neill
Loue 3 140995
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Mq X itic stai Not widely used in | Poor. Susceptable to
net ¢ . .
(4, I\ D * . construction. Good | cracking and temper
' ety (o ;?V for resistance to embrittlement.
U7

w shrenat stress corrosion. Non AWQM%A

Martensitic 11% Cr Not usually welded. (‘Vely poor. Susceptable

stainless steel 0.1-0.35% C | Commonly used for | to hydrogen cracking.
cutlery and pall
bearings.Ver, I‘"‘J“fﬂw\"}p mquL[e ,
Duplex stainless | 21-23% Cr | A ferritic-austenitic { Good.

steel 4.5-6.5 Ni steel. Good
2.5-3.5% Mo | mechanical

<0.03% C properties, abrasion
and corrosion
resistance. Combines
the best properties of
ferritic and austenitic
stainless steel.
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Guidelines for the welding of steels

The following text gives further information on the use and weldability of thé following
®  Carbon steels. _

¢  Carbon-manganese steels.

*  Lownickel alloy stecls.

® 0.3 and 0.5 molybdenum steels.

¢  Low alloy chromium-molybdenum steels.

®  Stainless steels - austenitic, ferritic, martensitic, duplex.

®  Nickel and nickel alloys (not g steel).

Carbon and carbon-manganese steels

Carbon and carbon-manganese steels are typically used as construction material for
piping, pressure vessels, supports and building structures.

Low-carbon steels are commonly used due to their good weldability. However, when
improved mechanical propertics are required, a steel is selected with an increased
carbon and/or manganese content. These steels have a tensile strength above
450 N/mm’, but their weldability is inferior.

For a combination of good weldability and improved mechanical properties
finc-grained steels may be selected. These steels also have improved impact properties
and are typically used for low-temperature service. For high temperature service, both
carbon and fine-grained steels can be used, provided a p.w.h.t. is applied.

The weldability and weld quality of ferritic steels depends on the carbon content and
the carbon equivalent.

Good weldability without the necessity for p.w.h.t is usually obtained when the
following criteria are met:

I. €< 0.23% for plate material
C £ 0.25% for forgings and castings
Carbon equivalent Ceq% < 0.45% based on the formula:

Mn _ CreMo+V ., Cu+Ni
6 5 T

For finc grained steels the sum of V + Ti + Nb shall be kept below 0.15% in order
to avoid unacceptable deterioration of toughness in the h.az..

Ceq¥®=C+

If the values are above the requirements listed, the more precautions need to be taken.
The main problems are hardening in the weld metal and h.a.z. with a high risk of
hydrogen cold cracking. '

Increased preheat temperature and an increased heat input could avoid an unacceptable
hardening of the weld metal and h.a.z.. Cooling rate is also of critical importance to the
mechanical properties of the weld and h.a.z..

Carbon steels with UTS <€ 450 N/mm?

These steels have a good weldability, since the requirements for C and Ceq are
normally achieved.

Under most circumstances, no special precautions are required for welding. If using
m.m.a., suitable electrodes are rutile, cellulosic or basic low-hydrogen types; basic

|
]
|
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|ow-bydzogen electrodes would nounally be applned for wall tluclmm above
approximately 25 mm.

" Carbon and carbon-manganese steels with UTS > 450 N/mm®

The C and Ceq requirements are often not met, therefore special precautions should be
taken to avoid unacceptable hardening and hydrogen cold cracking.

If using m.m.a., basic low-hydrogen electrodes with matching mechanical properties
would normally be used. Preheating between 100°C and 150°C, plus a p.w.h.t. may be
required to reduce the hardness and to restore the ductility in the h.a.z..

Fine-grained C-Mn steels with UTS > 450 N/mm®

These steels have improved impact propertics. The C and Ceq requirements are
normally achieved, therefore a p.w.h.t. is not normally required. However, for certain
applications a p.w.h.t. is required, since the maximum hardness requirement may be
exceeded in the h.a.z..

For the higher yield strength steels precautions are required to avoid hydrogen cold
cracking and hardening. Preheating may be required between 100°C and 150°C for
wall thicknesses above 25mm, and low hydrogen consumables with matching
mechanical propertics should be used.

Fine-grained micro-alioyed and low Ni-alloy steels.

Fine-grained (killed) steels and low Ni-alloy steels, including 3.5% Ni, are used for
low-temperaturé applications; both are readily weldable.

For fine-grained steels the C and Ceq requirements are generally met.

The heat input/plate thickness ratio and cooling time are important to achieve
satisfactory ductility in the h.a.z..

Fine-grained steels with UTS < 450 N/mm?

Preheating is not often required below 25 mm.

Hardening in the h.a.z. and cold cracking should not occur, since the cooling time
between a temperature drop () from 800-500°C (typical governing parameter) exceeds
5 seconds for most welding conditions. A maximum cooling time may be quoted to
control impact properties.

Fine-grained steels with UTS > 450 N/mm?
Preheat at 100-150°C is typically required for wall thicknesses above 25 mm.

The welding conditions should ensure that the cooling time between r 800-500°C is
over 10 seconds to prevent hardening and the risk of cold cracking in the h.az. A
maximum cooling time may be quoted to control impact properties.

The yield strength of the high-strength fine-grained steels with UTS > 450 N/mm?
could be reduced by p.w.h.t.. Therefore if a p.w.h.t. is considered necessary, e.g. for
low-temperature applications and for wall thicknesses above 35 mm, the p.w.h.t.
temperature may be as low as 540-580°C.

Low Ni-alloy steels (including 3.5 Ni)

Matching low-hydrogen types of consumables should be used for welding. 3.5 Ni
steels should be welded with 2.5 Ni consumables because a higher Ni content in the
weld metal could cause hot cracking; preheating is normally not required.

P.w.h.t. of 3.5 Ni steels may be required for low-temperature applications. P.w.h.t. at
570-590°C is typically required for wall thicknesses above 50 mm. Temperatures
above 650°C are critical for 3.5 Ni steels, since these will severely decrease the
ductility.
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0.3 and 0.5 molybdenum steels

Steels with 0.3% and 0.5% Mo are used for high-temperature service,
The weldability of 0.3-0.5% Mo steels depends on the C content and the Ceq. A
specification may state:
"For Ceq < 0.45 no precautions are required. The steels arc readily weldable and
p.w.h.t. is required only for wall thicknesses above 20 mm.
For Ceq > 0.45 preheating is required for all wall thicknesscs.
P.w.h.t. is also required when hardening of weld metal or h.a z_ occurs.”
0.3% Mo steel
0.3% Mo steel is mainly used for temperatures up to 500°C. Its choice is based on its
improved creep strength.
0.3% Mo are typically welded with low hydrogen consumables depositing 0.5% Mo.
For wall thicknesses below 20 mm preheating is not usually required; above 20 mm
preheating to 100-150°C is recommended. P.w.h.t. may be required. .
0.5% Mo steel

0.5% Mo steel is used for high temperature service up to 500°C and also for hydrogen
service. ] '

0.5% Mo should be welded with matching, low-hydrogen depositing consumables. For
wall thicknesses below 20 mm preheating is not usually required. Above 20 mm
preheating to 100-150°C is recommended.

For hydrogen service, cooling rates after welding should be carefully contrelled and
p-wh.t. would normally be carried out irrespective of wall thickness. For high
temperature service p.w.h.t. may be required.

Low-alloy chromium-molybdenum steels
Cr-Mo stecls are used for their enhanced strength at clevated temperatures and for
resistance to hydrogen attack and corrosion by sulphur-bearing hydrocarbons.
The steels are delivered cither in the annealed, normalized and tempered, or quenched
and tempered condition. )
The weldability is related to the carbon content, i.c. the higher the C-content the more
precautions shall be taken to avoid hydrogen cracking.
Preheating, interpass temperature, post-heating and p-w.h.t. should be adequately
controlled. A specification may state:
"For thicknesses < 10 mm the cooling from preheating to ambient temperature shall
be done under an insulating cover. For thicknesses between 10 and 30 mm
post-heating shall be applied after welding, prior to cooling to ambient temperature,
unless a p.w.h.t. is carried out immediately.
For sections above 30 mm an intermediate p.w.h.t. at 600-620°C shall be carried out
immediately after welding without cooling down to the ambient temperature.
Final p.w.h.t. shall always be carried out in accordance with Table X imrespective of
wall thickness. -
Intermediate and final p.w.h.t. should be done in a furnace or clectrically. P.w.h.t. by
means of flame torches is not allowed.”

1Cr-%4Mo and 1%Cr-%4Mo Steels

1Cr-%Mo is used for high-temperature service up to 600°C on the bases of its good
creep strength. This steel may also be used for hydrogen service provided that the Cr
content is at least 1%.

Only low hydrogen matching chemical composition weld metal should be used.

ICr-¥2Mo is susceptible to cracking caused by hydrogen or microstructure brintleness
and preheating between 100-150°C should be applied.
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To minimize air hardening after welding, coolmg down to ambient temperature should
‘ be done under insulation.

2%Cr-1Mo
2%Cr-1Mo is used for hydrogen service and temperatures up to 625°C,
Extreme care should be taken when welding is carried out, since it is highly susceptible
to cracking.
Only low hydrogen matching chemical composition weld metal should be used. A
specification may state:
“For hot hydrogen service alloy additions to weld metal shall take place only via the
filler wire; alloy addition through flux or coating is not permitted.
The weld metal shall be checked, prior to use, for the minimum specified amounts of

Cr and Mo.”
Preheating would typically be carried out at a minimum of 200°C regardless of wall

thickness.
Interpass temperature should not drop below 150-200°C during welding.

5Cr-¥iMo and 9Cr-1Mo

Both steels are used for service temperatures up to 650°C and for resistance to sulphur
corrosion.

Low-hydrogen consumables with matching chemical composition should be used for
welding.

5Cr-¥4Mo and 9Cr- Mo, like other Cr-Mo steels, are susceptible to cracking by either
hydrogen or microstructure brittleness but to a lesser extent than 2%Cr-1Mo.

Due to the higher Cr amount these steels are more susceptible to air-hardening. The
preheat temperature would typically be 200-250°C and cooling down to ambient
temperature should be done under insulation.

Stainless Steels

Stainless steels (SS) are Fe-based alloys that contain at least 12% Cr for corrosion
resistance. However, the majority of the stainless steels have a higher Cr contcm and
also Ni and Mo as main alloying elements.

Based on the microstructure, stainless steels can be divided into four groups:

®  martensitic $5

®  ferritic S8

®  austenitic S

¢  duplex (austenitic/ferritic) SS

Austenitic SS is the most important group.

Stainless steels can also be divided, based on their application, into:
®  comosion-resistant SS

¢ creep and oxidation-resistant SS

®  low-temperature-resistant S5

Consequently the rules for welding of stainless steels depend not only on the
microstructure, but also on the required application.

Martensitic and ferritic stainless steel

Martensitic and ferritic stainless steels are not generally used as material for welded
constructions, since they often give problems during fabrication, welding and heat
treatment.

Examples of applications are the strip lining or cladding of pressure vessels to resist
sulphur corrosion, internals of valves and castings for pumps.

Ww6-7
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The main problem with the welding of marteasitic and fenitic SS is the formation of . .
hydrogen indueedéoldaackinginﬁbweldmtaland!orh.a.z;ﬂlisiscmsedbyme .

formation of martensite with high hardness.
With martensitic SS, the martensite formation is in the whole weld zone and can be
measured.
With femritic SS, the martensite formation is only along the grain boundaries and a
hardness increase can hardly be measured.
Therefore martensitic/ferritic SS are in most cases welded with an austenitic type of
weld metal. The martensite formation is then restricted to the h.a.z.. The hardness of
the martensite in the h.az. can be reduced by selecting a material with a lower carbon
content.

To preveat cold cracking in the h.a.z. for thick sections, the same measures are taken as
for welding Cr-Mo steels, i.c.:
a.  prcheating to 200-250°C,
b.  welding preferably with low-hydrogen types of matching consumables,
.  maintaining the interpass temperature at 200-300°C for heavy sections during
the welding operation,
d.  post-heating at 200-250°C, cooling to 100°C immediately followed by a heat
treatment at 700-790°C to change the martensite into carbides and ferrites.
The ductility of the ferritic SS in the h.a.z may be poor, due to grain growth and/or
formation of carbon-nitrides.

Annealing heat treatment at 905-1050°C and furnace cooling will often improve the
ductility to an acceptable level.

Austenitic stainless steel

The austenitic stainless steels are usually used for welded constructions. The major
favourable considerations are the combination of ease of fabrication and welding,
together with suitability for corrosion, low-temperature and high-temperature service.

The selection of the welding consumables depends on the type of austenitic SS and the
intended service. To prevent any problems during fabrication/heat treatment/welding
and service, the following rules should be comptied with:

a.  Tack welds have to be made at small intervals, _

b.  Heat input per weld run should be low to avoid too high an interpass
temperature and overheating of the weld area.

¢.  Cleanliness is very important, special attention shall be paid to the weld area to
avoid carbon pick-up, hardening and hot cracking.
For m.i.g. or tig. welding, backing gas should be applied to prevent oxidation
of the h.a.z. and weld.
After heavy oxidation of the weld and h.az. the corrosion resistance can be
restored by passivation treatment.
For most applications a weld consumable is used with a low susceptibility to
hot cracking in the weld metal, e.g. a weld metal with about 10% ferrite.
To prevent sensitization and weld decay at the grain boundaries, the carbon
content for comosive service is kept below 0.08%C or the weld meta! is
stablilized with Nb, - '

Welding of austenitic/ferritic SS

Austenitic/ferritic stainless steels, also referred to as duplex SS, contain about 50%
ferritc and 50% austenite. These steels exhibit a high strength and better corrosion
resistance in chloride environments than the austenitic SS. Their ductility and
toughness tend to be lower than that of the austenite SS.

The main welding problem is producing weld metal with a similar amount of
ferrite/austenite as in the base metal. This can be achieved with the use of welding
consumables with a similar chemical composition to that of the base metal.

© Ruane & T P O'Nelll
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Nickel and nickel alloys

Nickel and nickel alloys are used for their special comrosion resistance and their good
mechanical properties at elevated temperatures,
Nickel and nickel alloys are selected based on their ability:

* o resist electrochemical corrosion and/or stress corrosion;
® toresist chemical corrosion, also at elevated temperatures;
* (o resist scvere creep conditions in combination with oxidation and corrosion.

The rules for welding nickel and nickel alloys depend not only on the chemical
composition but also on the required application.

The area adjacent to the weld preparation should be extremely clean to avoid hot
cracking. S, Pb, Sb, Cd and Zn are detrimental impurities, which may be present in
grease, paint, etc. Acetone or equivalent solvents are used for cleaning. The oxide
layer should be removed by grinding to a metal bright surface appearance just prior to
welding, to avoid porosity.

Weld preparations are recommended which are more open than normal, to minimize
the risk of lack of fusion defects due to the low fluidity of the weld metal.

Cold heavily deformed weld edges are prone to hot cracking or ductility dip cracking.
Therefore, Ni and Ni alloys should be ordered in the annealed or hot rofled condition.
For m.i.g. or ti.g. welding, only commercially pure argon or a mixture of argon and
5-10% hydrogen shall be used.

Care should be taken to prevent oxidation of the filler wire tip during welding; the wire
tip should remain in the protecting gas and be removed only after it is completely
cooled down. If the wire tip is oxidized it should be cut off. The welding consumables
contain de-oxidizers such as Ti to prevent porosity in the weld metal.

The weld bead is normally ground smooth before the next weld bead is made, to
minimize hot cracking especially at the stop/start positions.

Pure nickel

Two types of commercial pure nickel are available; one with a carbon content below
0.15%C and one with a carbon content below 0.02%C. Examples of trade names are
nickel 200 and 201.

For temperatures below 300°C both grades may be used. Low-carbon grade nickel
should be used for service temperatures above 300°C.

Pure nickel welding consumables should be used when welding for service
temperatures below 300°C. For matching chemical composition preference is given to
a low carbon and a low Ti content,

When welding for service temperatures above 300°C, the welding consumables should
have the low carbon grade and a low Ti content.

For chlorine service at temperatures above 450°C the weld metal containing Ti may be
attacked. In this case a Jow-carbon type Ni wire without Ti shall be applied to prevent
the selective attack. The porosity of the weld metal can be minimized by extreme
cleaning of the weld area.

Ni-Fe-Cr

Examples of trade names are Incoloy 800 and 800H. The nickel content is about 35%.
This material is applied for certain corrosive environments, often in combination with
good mechanical properties at elevated temperatures.

For temperatures, e.g. below 575°C, the grade Incoloy 800 may be used; for
temperatures, ¢.g. above 575°C, the grade Incoloy 800H may be used.

In general the alloys are welded with consumables of the type 70% Ni-Cr-Fe.
¢.g. Inconel 182 (82), Incoweld A; they should not be welded with Ni-Cu (Monel)
consumables, this is to avoid hot cracking.
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Welding consuriables with the similar chemical composition as the base materia are -
generally susceptible to hot cracking. |

Ni-Fe-Cr-Mo

Example of a trade name is Incoloy 825; the nickel conteat is about 40%. This material
is applied for corrosive environments and for resistance to chloride stress corrosion
cracking.

Two types of welding consumables are suitable: the 70% Ni-Cr-Fe-Mo and a matching
type 40% Ni-Cr-Fe-Mo.

The matching type is more prone to hot cracking in the weld metal, especially at high
heat inputs.

Ni-Cr-Fe and Ni-Cr-Fe-Mo alloys

Examples of trade names are Inconel 600 and 625. This material is applied for
corrosive environmeats in combination with good mechanical properties at clevated

temperatures,
Welding consumables of matching chemical composition should be used.

Ni-Cr-Mo alloys
Examples of trade names are Hastelloy C, C-276, C-4; the nickel content is about 55%.
This material is applied for severe comrosive conditions.

The normal type, i.c. Hastelloy C, is susceptible to weld decay and a heat treatment
after welding is required. Exposure at temperatures above S00°C will cause carbide
precipitation, a loss of corrosion resistance and some loss of ductility.

The low-carbon grade, Hastelloy C-276, is not susceptible to weld decay in normat
welding conditions. Prolonged exposure at elevated temperatures will cause carbide
precipitation and loss of comrosive resistance.

The very low carbon grade, Hastelloy C4, is not susceptible to weld decay. Exposure

at elevated temperatures will hardly cause carbide precipitation andfor a loss of
ductility.

‘The Ni-Cr-Mo alloys shall be welded with consumables of matching chemical
composition, in most cases provided by the plate material manufacturer. Carbon and
sulphur pick-up from the weld area shall be avoided by careful cleaning.

Ni-Mo alloys

Examples of trade names are Hastelloy B and B-2; the nickel content is about 65%.
This material is applied for severe comosive conditions.

The normal type, i.e. Hastelloy B, is susceptible to weld decay. Hence heat treatment
after welding is required,

The very low carbon grade, e.g. Hastelloy B-2, is not susceptible to weld decay. Both
grades are susceptible to embrittlement by the formation of intermetallic Ni-Mo
compounds at prolonged exposure above 500°C. .

The alloys are also susceptible to ductility dip cracking. A special anncaling heat
treatment is required to restore the ductility. o

The alloys shall be welded with very low carbon consumables with matching chemical
composition. Carbon and sulphur pick-up from the weld area shall be avoided by
careful cleaning.

Ni-Cu

Examples of trade names are Monel 400 and Mone! K500.

Monel K500 is a precipitation hardening alloy for corrosive conditions with improved
strength. It is used for shafts and other parts which are not to be welded.

The normal Ni-Cu alloy is readily weldable; consumables with marching chemical
composition should be used.

P.w h.t. may be required for corrosive conditions.

© Ruane & T P O'Nell
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Stress may be divided into two main categories: normal stress and Shﬂl{'fstreﬂ; 3
‘Noﬁ;ﬂ;lfsg-_gé?- is stress arising from a force applied perpendicular to a cross-sectional
aréa of a iatenal:

e tensilc §resSr normal stress resulting from tension,

o “compressive stréssynormal stress resulting from compression. ..
Shear stress - is stress arising from forces which are parallel i5, ?nﬁliehfthé plane of
the Cross-sectional area, €.g. Stress , resulting whilst tightening a screw. S
If we apply weld metal onto a material or between two pieces of material which are
being joined, the surrounding arcas will expand and contract (distort) in various regions
of the weld and parent material. Whea the weld cools these varying forces may change
direction, but gome will remain within the material, these are called residual stresses.
Rpﬁidual stresses are self balancing internal forces and not stresses induced whilst
applying an external load.

The stress acting circumferentially around a pipe to internal pressure is termed hoop
siress. ]

Stresses are more concentrated at the surface of .a component, therefore surface
breaking defects tends to be more critical than sub-surface defects.

The removal of rostdualssgjsm is termed stress relieving.

g B

Distortion

Distortion caused through welding is the change of shape of at least onc of the
components being welded. This change in shape may be lemporary Of permanent.
Distortion is caused by stress.

Distortion will occur if two picces of plate material, which are to be joined, are free to
move during welding. If the two pieces of plate material are not free to move,
Le. restrained, the forces will remain as residual stresses.

Types of distortion

» Aongitudina shiskage
o |- Transverse shrinkage g™
s | ¥ Angular distortion.

e MBowing.

} i inkage
Longitudinal Transverse shrinkag
shrinkage
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UNIT W6A ® STRESS & DISTORTION

W @.

Factors which affect distortion
e Material propertics and condition.
e  Heat input.

®  Lack of restraint.

o Amount of weld tmi'alzcle t{'«l

Methods of reducing distortion

o  Preheating.- ollous -du{‘orh en

s  Forced restraint.~ Stiffeners

e  Use a balancing welding technique, ¢.g. back skip welding ot back step welding.
s  Use adifferent joint design to reduce the amount of weld deposited.

Rcduccmchcaliﬂput-‘s;ngtt Fs weus Oﬂ(J .
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m Post-heatmnncutinﬂﬁs'oontcxtisnprocess'inwhichmetﬁlinmcsolidstatcis

subjected to one of more controlled heating cycles after welding. The post heat
treatment of welds (p.w.h.t.) is normally carried out for the purpose of stress relicf,
i.c. the reduction of localised residual stresses.. Post-heat treatment may also be used

to produce certain properties, such as:

e  softening after cold working;

¢  hardening to produce improved strength and hardness, this may be very hard and
brittle;

»  tempering to improve hardened structures giving ranges of strength with
toughness.

The relevant variables for a p.w.h.t..process which must be carefully controlled are as

follows:

®  heating rate,
¢  tcmperature attained,
e  time at the attained temperature,

e  cooling rate - in certain circumstances.

Note: Any temperatures quoted in the foilawif:g sub-sections apply to C-Mn
steels. Temperatures may differ for other steels.

S ———————"

Stress relieving

Used to relax welding stresses without any significant affects on the components
metallurgical structure because austenite is not produced.

Stress relief is achieved by heating to 550-650°C, holding for the required time,
e.g. | hour per 25 mm thickness, and then cooling down in air. Local heating is carried
out with gas flame or electric elements: whole components may be stress relieved in a
furnace.

P ]

Annealing

Full anneal - is used to produce a very soft, low hardness material suitable for
machining or extensive cold working. A full anneal is achieved by very slow cooling
after the steel has been heated to above 910°C and made fully austenitic. By the time
the steel has been very stowly cooled down to 700°C, all the austenite changes to ferrite
and pearlite with extensive grain growth, The component is cooled down in air from
680°C.

Sub-critical anneal - this process is also known as spheroidizing and is used to produce
a soft, low hardness steel-cheaper than full anneal. Temperatures must not risc above
700°C.. A sub-critical anneal is achicved by heating to 680-700°C, holding for

sufficient time for full recrystallisation to occur, i.c. new ferrite grains to form; the
component is then air cooled in most circumstances. :

]

Normalising

Normalising is used to maintain and improve mechanical propertics and to modify
grain structures by making them more uniform giving a refined structure avoiding .grain
growth.

W6B-1
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T sores | Norcalising is achieved' by heating the steel ontil it is folly austeaitic-the same
mpamasMusedforfunanneal-smkingfortheminhnumﬁmenwmarym
achievealmiformdu'oughthicmsstempuamandﬂmnairmoling.

#

Hardening/quenching |

Hardening is achieved by very fast cooling from the austenite region.
'Ihesteelisﬁrsthcatedtopmduceausmnitc;itislhenallowedtosoakmlhis
temperature to produce grain uniformity, and then fast cooled by quenching into oil or
water (brine) to achieve the desired hardness.

After quenching, the stecl is highly stressed, very hard and brittle with a high tensile
strength. Quenched steel is very prone 0 cracking and therefore requires tempering.

S

Tempering

Tempering is used to produce a range of desired mechanical properties to meet specific
requirements. _

Tempering is achicved by slowly heating the hardened stecl to a temperature between
200-650°C to produce the required tensile strength and toughness propertics; the
component may then be air cooled.

At 200°C the quenching stresses are reduced and the steel will give maximum tensile
and hardness with a reduced risk of cracking.

Increasing the tempering temperature reduces the hardness and tensile strength whilst
increasing the toughness and ductility. At 650°C, a full temper is produced, giving a
very fine grained soft steel with a spheroidized structure.

f

Hydrogen release

Both normalising and annealing heat treatment processes will help to release hydrogen
from a weld areca. However, there may be a situation where only hydrogen release is
required. This may be performed by heating the weld area to 150-200°C and soaking
for approximately 10-24 hours.

ORune & TPO'Nell
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Welding Procedures
BS EN 288 : Specification and approval of welding procedures for metallic materials.

Prior to the start of welding production on contract work, detailed written welding
procedures ot welding procedure spec ns are submitted by the contractor to the
client for content approval, or alternatively, the welding procedures may be provided
by the client for the contractor to work in accordance with.

A welding procedure shows all the variables involved with the production welding, ¢.g.
welding process, technique, consumable type, material, preheat etc.

Once the content of a written procedure has been approved, a weld is made in
accordance with the requirements of that procedure-this is known as a welding
procedure test (w.p.L. ) or a welding procedure qualification test. The weld is inspected
and tested to ensure that all the welding variables used are compatible and can produce
a sound weld satisfying the NDT and mechanical requirements of the relevant
specification.

A welding procedure test also sets a standard which welders must comply with: a prime
duty of the welding inspector is to ensure that this is the case. A welding inspector
should be present throughout a welding procedure test to ensure the written procedure
is being strictly adhered to.

Welding variables
The following list shows the variables which are likely to encountered on welding
procedures:

Welding process.

Joint design.

Welding position.

Joint cleaning, jigging and tack welding.

Welding technque.

Back gouging.

Backing.

Filler metal classification, manufacture, trade name and dimensions.
Eiller metal and flux drying procedure.

Electrical parameters - current type, amperage. voltage, polarity (d.c.)
Travel speed and wire feed speed (mechanized welding).

Preheat temperature.

Interpass temperature

Past weld heat treatiment.

Other variables specific to the welding process, ¢.g. flux type for submerged
arc welding; shielding gas and gas flow rate for gas shiclded processes.

opgrmFT TR MEe A0 TE

A contractor must submit a new written welding procedure before any welding
variables are changed in production. The specification (or client) will govern whether a
new procedure weld needs to be made-this will depend on whether the proposed change
is an essential or non-essential variable.

EXAMPLE 1
A welding procedure test for m.m.a. welding, using basic electrodes, has been
qualified. During production the contractor wishes to use rutile electrodes instead.

In this situation, the contractor would almost certainly have to re-submit and
re-qualify a new procedure, even if the specification permitted the use of rutile
electrodes on this type of weld, i.c. changing the type of flux coating is changing an
essential variable,

O Rusoe & T P O'Neill
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A welding procedure test
proves the weldfwelding; a
welder qualification 1est
praves the welders ability to
weld in accordance with the
procedure

if a change was proposed
outside a specified limitation,
a new welder qualification
test would have to be made,
because this would be a
change of an essential
variable.

50
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JOCEDURES AND WELDER TESTS

UNIT W7e WELDING P

EKAMPLE2  C. v .
A welding procedure test for m.m.8. welding on a large diameter pipeline using two
morbeadwcldmhashmqualiﬁed. Duﬁnspmdtwtionﬂlceonmorwishsto
misethcnumberofrootbwdweldustod:me.

In this situation, the contractor would not normally need to qualify a new procedure
providing 2 writtea procedurc has been submitted and approved-this is a
non-essential variable. However this would not be the case vice versa, i.e. three root
bead welders down to two-this is an essential variable.
Ideally, procedure welds should be made under conditions which simulate production
stress, however, this not always done due to practical constraints.

Inspection of W.p-

When a procedure weld has reached ambient temperature—or when otherwise
specified—it undergoes examianation by NDT and destructive testing.

It is common practice for the welding inspector to mark up the areas on the weld which
require the removal of test coupons for mechanical testing. These test areas are
normally specified in the applicable specification. '

#
| ————————

Welder tests

General

A welders test—also known as a welder qualification test (w.q.t. ). or welder approval
rest—is carried out to ensure the welder is able to produce a sound weld that meets the
requirements of the relevant welding procedure and application specification.

A welder who makes a procedure test weld would automatically qualify when the
welding procedure test qualifies.

Welding variables

The variables used in a welders qualification test may not always be exactly as those
used in the welding procedure rest. The limitation of variables may also differ between
specifications.

The following variabtes, if changed within specified limitations,
cause a new welder qualification test to be made:

may not necessarily

parent material type,

consumable or shielding gas type.
dimensions of parent material,
welding position,

type of joint,

preheat temperature,

post-weld heat treatment procedure.

Basically speaking, if a variable changes, and this new variable is considered more
difficult to use, then a new qualification test weld would normally be made.

© Ruane & T P O'Nelll
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UNIT W7 ® WELDING PROCEDURES AND WELDER TESTS

The following table is an extract from a typical speciﬁcaﬁod which details welder
approval. It shows limitations for the position variable. .

Welder approval

Approval test Position and type of weld approval

Plate Pipe

Weld Position Groove or Fillet weld Groove weld
cavity

Plate: groove or| 1G 1G IF 1G
gouged cavity | 2G 1G 2G IF 2F 1G2G
3G 1G 3G IF2F3F - | 1G
AG 1G 4G IF 2F 4F 1G
3Gand 4G | 1G3G 4G All 1G

Plate: fillet 1F IF
2F {F2F

3F | IF2F3F
4F IF 2F 4F
3F and 4F All

Pipe: groove 1G 1G IF

2G 1G 2G IF 2F

5G 1G 3G 4G IF 2F 3F 4F
6G All All

2G and 5G | All All

Inspection of w.q.t. welds

It is usually necessary for a welding inspector to be present throughout a welders
qualification test to ensure that the welding is being carried out in accordance with the
approved procedure and specification.

A welding inspector may stop a test before completion if it is obvious the welder has
failed, e.g. due to an excessive amount of lack of root penetration, other obvious
defects, or excessive time taken.

In normal circumstances only one test weld is permitted , however, if a failure is due to
conditions beyond the control of the welder, ¢.g. because of a faulty welding set, then
the welder should be allowed a re-test.

Defect acceptance tolerances for welder approval may be more strict than those for the
production welds-this is not always the case and again is dependant upon the
specification.

On welder qualification test welds, it is not normal, or necessary, to camry out
destructive tests which measure mechanical propertics, such as tensile strength or
toughness, if a welder is welding in accordance with the procedure which has passed
mechanical testing there is no point. Therefore, it is usual for specifications to request
visual examination and NDT only for these welds.

Visual examination and NDT do not necessarily reveal all defects, especially when they
are very small, or when they lic in a different plane to that which the NDT method
applied will detect. This problem results in some specifications requesting bend tests,
macro tests, nick-break tests, or a combination of them, instead of, or in addition to,
NDT. These destructive tests assess the general soundness of the weld.
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BS 709 - Methods of destructive testing fusion welded foints and weld mezal in steel.
Mechanical testing of welded joints may be carried out for the following reasons:

¢ welding procedure approval.
s welder approval,
e production quality approval.

. A welding consumable manufacturer will carry out all-weld metal tests for each
consumable type they manufacture. The parent material is normally subjected to
extensive testing prior 1o its accepiance by a client and subsequent use on a coqtract.
However, separate testing is still required for a welded joint, because it usually
consists of three metallurgically different areas which interrelate: the weld, h.a.z., and
parent material. '

abic Resl's{:mu_ to a Mechanical testing is a destructive procedure and is not usually carried gut on any

- steaddy a PP[I LA lea 1 component n.ef]uired for use, therefore representative test samples produced tfnder
{ similar conditions to the in-service components are nommally used and comparisons

. . made. Methods used include welding procedure tests, random samplingfofT\ass ok
- R%n‘s‘t‘mc_a tog * produced items and/or run-on - nun-off plates. A T

SUd‘lm‘Z Qf”[;&l lo aJ The tests most frequently used to assess the propertics of welded joints are: | r'
s tensile, -fiml,g UtS‘OnA elon a&:’oni ku POllnt ;

® bend, - opens nesses Ld‘.i Lit ass%mu\f'- -
*  nick-break, - caemr -we,[cL SOUML:\Q, S . . .
L ] 1 - .

unpact. 2. Q,S.:- Char P ,Izook} -,-Nafc.l\ '[‘oug\mﬂsg 2., j—mciure, 50(5
™ hardness, - In&,. cp,‘:aon O& meléab;{'. .':? ) assesmo,
®  macroscopic/microscopic. -~ yisgyal | '
¢ CTOD.
Many standard specifications exist for mechanical testing.  If the standard
specification is exclusive to a particular mechanical test, it should be noted that the
content will detail the equipment 1o use, how to carry out the test and report the test
results, but the acceptance criteria would be specified elsewhere, e.g.in the
application specification.

Nanig

———————

Tensile test
BS EN 10 002 - Tensile testing of metallic materials
BS EN 10 002-1 - Method of test ar ambicnt temperaturc

Purpose of test

A tensile test applies stress in the opposite direction o a ftest which applies
compressive stress, i.e. a tensile 1est puts the test item in tension and attempts to pull
it apart.

A tensile test can be used to assess the following:
* the yield point of the specimen - the point at which the specimen undergoes
plastic deformation;

the ultimate tensile strength (u.ts.) of the specimen - the maximum load a
specimen can withstand:

.

= the ductility of the specimen - expressed as % elongation.
There are different types of tensile tests for welds; these include:
e the rransverse tensile test - used on joints containing butt welds:

s the alli-weld tensile test - used to test cither the filler material properties. or the
quality of the deposited weid metal as a whole;

Oltumie £ TP ONgill - Ww§-1
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o the cruciform test,- used to test the relative tensile strength of fillet weld joints

" between plates.

Preparation of specimen

Test specimens are cut from designated areas of the welded assembly. the length and
width. method of cutting (thermal or machine), and requirements for the removal or
Icaving of the weld ceinforcement would be stated in the appropriatc specification.
The edges should be made smooth—normally filed—and any comers in the test area
radiused slightly to reduce stress raisers.

On an all-weld tensile test, it is a common requirement to test for the elongation
percentage. In this case, two punch marks would be applied in line with the applied
stress. The distance between the punch marks, which would be specificd, is called the

gauge length. {arfcqua S0 mum,

Test procedure

Two sets of vice jaws are used to clamp the test specimen at the top and bottom:
hydraulic powex is then applied to force the specimen apart. A dial, usually calibrated
in pounds, tonnes or newtons, records the load applied. As the load increases. the dial
registers the amount until fracture occurs.

For a transverse tensile test made on C or C-Mn steel welds, fracture usually occurs in
the parent material. A specimen which snaps in the weld region is usually acceptable
providing the specification requirements are met.

—~

We 2d Load

applied

\
1
1
- "
1
L
;
/

Necking + Fracluare

Newlons
ox

Pounds
ox

Tonnes

In all cases necking of the steel specimen prior to fracture should occur: the ceduction
in cross-sectional area indicates a ductile fracture. Steel specimens which snap and
do not exhibit any necking are usually cause for rejection.

Calculations for ultimate tensile strength

The u.ts. can be calculated by dividing the maximum load applicd by the least
cross-sectional area (c.s.a.) of the test specimen. The maximum load applied is
obtained from the dial on the machine; the least cross-sectional area is measured prior
to testing with a micrometer.

@ Hunne & T # O'Neill
lanase | 8701192

v




Pyanel, UNIT W8 ® MECHANICAL TESTING OF WELDED JOINTS

5, i s appc

least c.5.8.

EXAMPLE 1 _
What is the u.t.s. if a tensile test specimen had a least c.s.a. of 1.015" x0.627" and the
maximum load applied was 46,000 1bs?
maximum [oad applied
least c.5.a.

a. Uis. =

Us, < 36,000 Ibs
5T 10157 X 0.6277

_ 46,000 Ibs

Utls. = 72
0.636 in”

d.  U.ts =72327 p.s.i.
19 psi = | Nimnt'

I N = 1 MPa.
EXAMPLE 2

What is the u.t.s. if a tensile test specimen had a Icast c.s.a. of 25.20 mm x17.52 mm
and the maximum load applied was 235 kN?

D= ’Olz ' a Uus, o Maximum load applied
. (G): 104 ’ o least c.s.a.

Y= )b . B 235,000 N
(k)= 103 ~ 25.20 mm x 17.52 mm

H(m) 1073, . Ui, o 235.000N
. 'UU% 21078 ) T 4415 mm?
2ln) = p .

b. U.ts.

d.  U.s. = 532.3 N/fmm*

Calculations for elongation
The % elongation can be calculated by:

Increase of gauge length x 100
Original gauge length

Strain % =

EXAMPLE

A tensile test piece had an original gauge length of 50 mm: after testing this had
increased to 62.5 mm. What is the percentage elongation?

ol nin .aion(?of.bn -f;r o Steain % = Increase of gauge length x 100

Steals -j3—22% ’ Original gauge length

12.5 mm x 100

b. Strain %= 50 mm

Strain %2 = 25%

D Suane & T P O Neill
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m Stress-strain relationship

The relationship between stress and strain can be plotted on a graph to produce a
ctress-strain curve. The following example shows a curve for low carbon steel.

Vield;
. Elastic limit
ﬂ“é' .Y-p. Upper yield point
Wil not rely y.p. = Llower yield point
¢ ’ o fa . .t.s. Ultimate tensile strength
9 °r}3'ﬁﬁi . u Fracture point
1~

sizefshape

STRESS
{Load)

Elagtic

Hookes Law, Stoeit < constant .
The matl will rbern back o
oriam.l S‘tﬂ{shft :

STRAIN (EXTENSION)

Strain (extension) is the result of stress (ioad applied). theretore as the load is applied
the test piece will begin to extend.

1€ the load is removed at any point up to the elastic limit (E). the specimen will behave

elastically and return 10 its original length. Beyond the elastic limit the upper yield
point (uy.p) is reached, this is where the material yields and plastic deformation

occurs. At this point there is a noticeable drop in the applied load until the fower

yield point (Ly.p.) is reached. Beyond the lower yield point, the load begins to

increase again. :

Yiclding is the slipping of the atomic structure; it commences at the upper yield point

and stops at the lower yield point. Yielding stops because the slipping action cold

works the steel and increases the tensile strength.

After yielding, the load increases to the point of ultimate tensile strength {u.t.s.), this
is the maximum load the specimen can withstand, it is not the point of fracture.
Beyond the u.ts. the specimen necks locally: this leaves 2 high load acting on the
reduced cross-sectional area, therefore fracture at X rapidly follows.

2 Wumne & TP O'Neild
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NOTES

Bend test

Purpose of test

Bend tests are carried out on butt welds 1o detenmine the soundness of the weld zone.
The commonly applied bend test is the transverse bend rest wherce the specimen is cut
so that the weld is transverse to the specimen length. Therc are three ways to perform
this type of bend test on a single sided weld:

1. The roor bend fest puts the root in tension. Main aim is to open up and enlarge
surface breaking discontinuities.

The face bend rest puts the face in tension. Main aim is to opcn up and enlarge
surface breaking discontinuities.

The side bend test puts the side of the weld in tension. Main aim is to open up
and enlarge sub-surface discontinuiiies. .

A longitudinal bend test, as the name suggests, has the weld longitudinal to the
specimen length. The inner or the outer reinforcement may be placed in tension
depending on specification requirements.

Bend tests may also be used to give an assessment of the weld zones ductility.

Test specimens

Bend test specimens are cut from designated arcas of the welded assamnbly, the length
and width, method of cutting (thermal or machine). and requirements for either
removing or leaving of the weld reinforcement would be stated in the appropriate
specification.

For all types of bend test, the specimen width is usuaily at least 1.5x the thickness and
the weld reinforcement is usuaily dressed flush on both sides. The edges of the
specimen are rounded off - normally 1o a maximum 10% radius.

Equipment and test procedure

Bend testing may be carried out by two methods:

* by using a hydraulically operated former to bend each test specimen through the
centre of a pair of supports. The test specimen is placed on the supports, the
centre point of the former brought into contact with the cenire of the weld.
Pressure is then applied to bend the specimen usually through to 90° 135° or
180° as specified.

85 709 : 1983

. Wel0 dressed flush

A
Equatly spaced .’/[
H

154 but 10 mm sun

I00]  Frgure 9, Method of testing trantveria bend it 1peciman (disgramwnatsc oniy) 5 t
uppor
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m byusingarollerlobcndeachtestspecimenmdanﬁndrel. Oneendoflhe;_
- test specimen is finnly clamped, then a roller pushes the specimen around the

mandrel in an arc to 180° or 90° as specified.
The diameter of the fonmer, or diameter of the mandrel, is typically four times

the specimen thickness.

Iy
:\\\\\

s o 3 W0

Figure 12, Bend test method using a rofler

S IN18787288 states:— Evaluation of results
JK ¥ On completion of bending, any defects on the tension surface of the test specimen are
ar investigated. Slight tearing at the edges of the test specimen may not be cause for

_
o wmany M ﬂota a | rejection. What constitutes a test failure, and the action to take when a specimen

b) RN fails, depends on specification requirements.

.

3 m un any one dedhion

Byl g un _ Nick-break test

wren f

. The purpose of the nick-break test is 1o permit evaluation of any weld defects across
the fractured surfaces of a butt weld.

Two nicks (saw cuts approximately 2 mm deep) are applied to the specimen of similar
shape to a bend test specimen, one on either side of the weld from the cap to the root.
The weld reinforcement is left intact.

The test specimens are broken by bending or striking with a hammer. This causes the
weld 1o fracture along the weakest zone close to the centre line of the weld. The
fracumed faces are then assessed visually. The test report would give a full
description of the fractured faces including the presence of defects stating type and
region.

#

How gl sy I
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8S 709 : 1983

[xcess weld metal
> and penciralion
bead lefl nlact

Support

tqually spaced ——— ———

ATl grmeRpon are s M meires
Figure 17. Method of tractureng mck-break test specimen {diagrammatsc onty}

ﬁ

Fillet weld fracture test

This test has the same principle as the nick-break test, i.e. the test permits evaluation
of any weld defects across the fractured surfaces of the tested weld. The test
procedure involves making a single saw cut along the centre line of the weld faccon a
fillet weld and breaking the weld open by striking the specimen with a hammer.

& $tunne & TP O'Reill
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[mpact test (Dénam{ c fest) .

BS 131 - Notch bar rests
BS EN 10 045 - Charpy impact test on metallic materials

General _
There are two main impact tests: the Charpy V-notch test and the Izod test. Both tests
use a swinging pendulum which break accurately prepared notched test specimens;
each specimen is broken with a single blow. Impact testing assesses notch toughness
Foughness is the abilitv of a by measuring the energy absocbed by each test specimen during impact.
:';TL:::_":‘;KTE:ZM“”‘. Naturally occuring notches, e.g. tool marks, undercut and lack of root penetration,
mcu;y};n’im to brittleness. reduce a components endurance, especially at low temperature. An impact test
carried out on a weld determines the notch toughness of the weld at the test
temperature.

Test procedure
Test specimen dimensions and methods of support differ for the tests as shown below:

Dumeaacons ¢ o,
Chaapy "V’ . 27:° 175

ARV

\\
0.7

¢ radwwa

Nolck detodd ios
Chaszpy V' aind liod

Specumza: Uickue ss (3
dependant ou specjicalion
and depends ot wafl Chickness
Spec vmen

o Striher

J
i
TN

Chaxpy

The specimen is positioned in the manner required for the test. The pendulum, is
then raised to a pre-determined height and released; the pendulum hits the specimen
which immediately fractures in the notch area - the pendulum then continues its
swing. During fracture, energy from the pendulum will be absorbed by the specimen,
more energy being absorbed by tough specimens compared to brittle specimens.

& Hume & T P O'NAIL WS‘S

taur 1 0770194




FEoNE UNIT W8 ® MECHANICAL TESTING OF WELDED JOINTS

The distance the pendulum swings after fracture-and consequently the absorbed
- energy—is measured by a pointer on a dial calibrated in Joules. The lower the value

indicated, the more brittlc the specimen, and conversely, the higher the reading the

The Joule ) is the S.1. unit greater the toughness.

Jor encrgy.

ooi
\

SLadken

L Specimen on
Auppoals

Anrangement of charpy machene ({zod (s sdmifas principlel

Impact test specimens are nonnally taken in groups of three to allow for scatter
results. The notch position relative to the weld, the test temperature(s), and the values
required will depend on the application specification.

Minimum energies specified for steels are likely to be within the range of 10-50J:
actual values may be much higher.

Impact testing can also be used to make up ductile/brittle transition curves. This is
done by testing a number of samples over a range of temperatures, then assessing the
grain structures of the fracture faces on broken specimens and plotting the perceniage
area of brittle fracture against the temperature of the test.

Hardness test

General

Hardness testing may be used to determine the hardness gradient across a weld zone
and parent material for comparison purposes. The maximum hardness of the weld
zone may also be ascertained.

The hardness of a weld and h.a.z. will give an indicarion of the weldability of the
material, and may be used to determine whether the welding procedures are comrect or
being correctly applied.

Two commonly encountered hardness tests carried out on welds are the Brincil and
Vickers hardness tests.

Vickers pyramid hardness test

BS 427 - Method for Vickers hardness test and for verification of Vickers hardness
testing machines

©Ruane & TP O'Neill -, \Vs'g
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This test uses a small pyramid shaped diamond indentor with an angle of 136° -
: between the opposite faces. A force is applied to press the indeator into the surface
for a period of 10-15s. The force applied is variable from 110 120 kgf (9.8-1176 N).

the actual value to use would be obtained from the application specification

taghess I tead _ piamond Typieal 10 K*

Diamond wagend{alien ‘
1
’ |
l-‘

/Z-I@E i
7
Shuileas

The diamond indentor leaves a pin tip sized square indentation on the surface of the
test specimen which is measured by way of a built-in microscope. The diagonal
dimension of the indentation is measured using two adjustable shutters: these are
integrated with a digital readout, or similar, to give a value which corresponds t0
indentation depthand therefore hardness. '

However. this displayed value is not the final hardness value. Firstly, both the
diagonal lengths need to be measured and averaged. Secondly, the average value
aceds to be converted to a Vickers pyramid hardness value (H,) by reference 1o special
tables. or a formula, which also take into account the applied load. The final hardness
value reported should include the load applied, e.g. 200 H, at 10 kg.

Brinell hardness test

BS 240 - Method for Brinell hardness test and for verification of Brinell hardness
testing machines

This test is carried out by hydraulically forcing a hardened steel ball, 10 mm in
diameter, into the surface under test. The force used is 500, 1500, or 3000 kgf and is
held for 15 s on steel.

| Load

Brinell 1 fram diame fex
Haadened stfeel ovall

s

lndenm&on Microacope
~ yd

/.

: o..-trl;dl‘rh(

A micrbscope with a calibrated lens is used to measure the width of indentation, this
dimension can then be used with a reference chart or appropriate fonnula 1o obtain a
Brinetl hardness number.
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Macroscopic (macro) examination

General

The term macroscopic examination, in this context, refers to the viewing of a polished
weld cross-section using a low powered lens—typicaily x5 magnification-for the
purpose of detecting and assessing weld defects, or for the purpose of measuring the
actual size of defects already detected.

Macro-cxamination of welds is carried out on full thickness specimens which include
reinforcement. The width of the cross-section should include the heat affected zone
plus some parent material. The same test piece is sometimes used for hardness testing
after macro-examination.

Test procedure

Test specimens are usually cut transversely from a weld. Each tost specimen is then
ground, polished and etched to the degree required by specification, c.g. for ferritic
steels - P400 grade finish with an acid etch using 10-15% nital {nitric acid + alcohol).

After erching, the test specimen is examined visually. The intent is to disclosc any
cracks. lack of fusion, porosity, slag etc..

_7_—_—_—

Microscopic (micro) examination

The tenn microscopic examination, in this context, refers to the viewing of a polished
weld cross-section using a microscope at high magnification, e.g. 100x or 1000x.
usually for the purpose of grain structure analysis, although microscopic defects could
also be detected and assessed. This test is primarily used by metallurgists.

The degree of preparation will be much higher than that required for macroscopic
examinations, e.g. for ferritic steel: P1200 grade finish followed by 1 um polish using
a diamond paste then an etch using 1-5% nital.

ﬂ_‘_‘_"___

e m——e

Exam
BS 5762 - Mcthods for crack apening displacement (COD) testing.

CTOD is a test method for the determination of a metals resistance 1o the initiation of
a crack resulting from notch defects.

Crack tip opening displacement test (CTOD)

CTOD wmeasures the elastic-plastic toughness of the metal in the ductile-brirtle
transition.

The propagation of a crack in a welded structure depends upon various factors
including the material used, the size and sharpness of any notch present, operating
temperature, the degree of restraint and welding procedure requirements.

The CTOD test permits full size specimens to be used irrespective of metal thickness.

to which a notch of given width and depth is applied. The specimen is then subject to { .

a high speed resonance load cycling to induce a crack¥al the root of the notch. The \f‘ o'am
specimen is then cooled to test temperature and force is applied to open the notch Cr l‘
using a three point bending rig. A clip gauge fixed 1o the mouth of the notch

accurately measures the slow opening of the crack and a force sensing device enables

the applied load to be plotted against displacement on a graph. The material beneath

the crack will either deform plastically or fracture without loss in section.

© Rusre & T P O'Neil
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Connection of clip qauge
Clip gauge\ to instrumentation .
\ BS 709 : 193]

B

"

© Hume & T P O'Neill
faue | 871184




Ruane &I - UNIT W9 WELD DEFECTS AND REPAIRS

*

Terminology

Weld defect (British):
“Any physical irregularity in the weld or heat affected zone. which nay or may not
affect the uscfuiness of a part.”

Weld defect (American):

~A discontinuity the size, shape, orientation or location of which makes it detcimental
to the useful service of the part in which it occurs, i.e.a discontinuity out of
specification.”

Discontinuity (American):

"Any interuption in the normal physical structure or configuration of a part, such as
cracks, lack of fusion, inclusions or porosity. A discontinuity may or may not affect
the usefulness of a part.”

#

Weld defects

Cracks

Terminology to BS 499 Definition: A lincar discontinuity produced by fracture. Cracks may be longitudinal,

Part 1 : 1991 : Welding terms transverse. edge. crater, centreline, fusion zone, underbead, weld metal, or parent
ard svmbols : Glossary for metal*
welding. brazing and thermal '

cutiing. "-'fcff indicated with Therc arc many types of cracks. some of which only occur with certain types of
terisk (%) . .
an usterisk (%) rmaterial. Listed below are some crack types encountered.

1. Weld metal cracks:
a. solidification cracking (hot tearing),
b.  hydrogen induced cold cracking (hicc)
i. macro cracks,
iti.  microfissures,
iv. chevion qacks.
2. Heat affected zone cracks:
a.  liquation cracks,
b.  reheat cracks,
¢. hi.cc.

Parent material/h.a.z.:
a. lamellar tearing.

Because Of the various crack types and causes, a welding inspector, under most
circumstances, need only talk in terms of the position of a crack, e.g. longitudinal
centre line crack; longitudinal crack in the h.a.z. of the root (root underbead crack),
transverse crack: crater crack etc..

A crack is the most serious type of defect. If a crack exists in the weld zone, the
application specification may require the entire weld to be removed (cut out) and
rewelded, rather than carry out a localised weld repair.  Some application
specifications will permit a tocalised weld repair on the cracked arca, but very few
specifications will allow the acceptance of a detected crack, no matter how small.

© Ruane & TP O'Neill
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o

Root undeabead crach

Centne line caack

e

|

Lemellcn fearing

Incomplete root penetration

Definition: The fatlure of metal to extend into the rool of a joint*.

Other terms for the same defect are: lack of penetration and lack of root penetration.
ln the case of double sided welds the tenns: lack of infer-penetration and lack of
cross-penctration may also be encountered.

Lach of noof penetration

Causes:

root faces too large,
root gap too small,
arc too long,
wrong polarity,
electrode too large for joint preparation,
. incomect electrode angle,
g. travel speed too high for current.

Root concavity
Definition: A shailow groove that may occur in the root of a butt weld*.

The terns suckback and underwashing may also be encountered.

Causes:

a.  rool face too large,
b. insufficient arc energy.
c.  excessive back purge pressure with t.i.g. welding.

© (tusne & TP O'Neill
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Lack of fusion

Definition: Lack of union in a weld*:
. between weld metal and parent metal,
. between parent metal and parent metal,

. between weld metzl and weld metal.
Lack of fusion can be sub-divided as shown in the diagram:

Lack of intex-run fusion Ca;} ovealap

; Ji
i

]

, % A

LY
.

s . AN
W A0
s

lack 9‘ aool fusion Lack of side wrll {usion

contaminated weld preparation - prevents the melting of material beneath,
amperage too low, .

amperage too high - may cause welder 10 increase his travel speed resulting in
a lack of melting on the underlying metal,

excessive inductance in m.i.g. or m.a.g. dip transfer welding.

See also causes for incomplete root penetration.

Undercut
Definition: An iegular groove at the toe of a run in the parent matenial, or in
previously deposited weld metal, due to welding*.

__\/,\fap endencut
. \\-._.‘. _.—"[

vy S

vy o/

Nl

A
Rool undexcut

excessive welding current,
welding speed too high,
incorrect electrode angle,
excessive weaving,
electrode 100 large.

Incompletely filled groove

Definition: A continuous or intermittent channel in the surface of a weld, running
along its length, due to insufficient weld metal. The channel may be along the centre
or along one or both edges of the weld*.

|00|
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a. insufficient weld metal deposited,
'b. improper welding technique.

l Shrinkage groove n

i
";
4

Definition: A shatlow groove caused by contraction n the metal along each side of a
penetration bead*.

Gas pores/porosity

Definition: A gas pore is a cavity, generally under 1.5 mm in diameter, formed by
entrapped gas during the solidification of molten metal*.

Definition: Porosity is a group of gas pores®.

Other terms which relate to entrapped gas in welds are:

s  Blowhole - a cavity generally over 1.5 mm*.

e Wonmhole (piping) - an elongated or tubular cavity*.

Hollow bead is terminology d Hollow bead - elongated porosity in the root bead {pipeline tenminology).
‘L‘:::‘:":’"f”:”;‘::::':‘:;j:’“ Herringbone porosity - wormholes side by side 1aking on a herringbone pattern.

nLna. vertical down
(stovepipe} root beads using

celinlose electrodes. / ﬁ /
X $

L

Hearingbone poxosily _ J
Clustened poxosily
(gas pores) '

7 ﬁ
\ /
\ 7
/

\

‘9.’7

Hollow bead

Piping/wormhotes

Causes (all types):

excessive moisture in the flux,
excessive moisture on the preparation,
~ contaminated weld preparation: scale, oxides etc.,
use of low welding current,
arc length too long (especially with basic hydrogen controlled electrodes),
damaged electrode flux,
incorrect weaving technique,
removal of gas shield, e.g. wind on site.

SmoMRDFR

Slag inclusion
Slag is defined as: a fused, non-metzllic residue produced from some welding
processes*.

© Ruane & T T O'Neill
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m A slag inclusion is an entrapped non-metallic deposit in the weld originating from the
- - welding flux. . Linear slag inclusions, or slag lines, almost exclusively exist at the
toes of a weld pass. Equiaxed slag inclusions may exist anywhere in the weld.

Stag/stag Lines

insufficient cleaning between passes,
contaminated weld preparation,
welding over an irregular profile,
incorrect welding speed.

arc too long.

Tungsten inclusion
Definition: An inclusion of tungsten from the electrode in tungsten inert-gas
welding*.

Copper inclusion

Definition: An inclusion of copper due t0 the accidental melting of the contact tube or
nozzle in self-adjusting and controlled-arc welding, or to pick-up by contact between
the copper nozzle and the molien pool in tungsten inert-gas welding*.

Burn through

Definition: A localised collapse of the molten pool due to excessive penetration,
resulting in a hole in the weld run*.

Bum throughs are usuaily associated with the roots of butt welds.

Buan through (hofe {n woot)
Causes:

a. excessive amperage during the welding of the root or hot pass on butt welds,
b. excessive root grinding, which may cause the second pass 1o burn through,
c.  improper welding technique.

Crater pipe
Definition: A depression due to shrinkage at the end of a weld run, where the source
of heat was removed*.

Crater pipes must not be confused with bum throughs or gas pores.

(L)

Caraten pipt

Cause:
a.  Deoxidation reactions and liquid to solid volume change.

O Hyae & T P O'Reill
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m Arc strike (stray flash)

Definition: Damage on the parent material resulting from the accidental striking of
an arc from the weld®.

Arc strikes may have a very brittle structure, especially on steels with a high carbon

equivalent. I

Causes:
a. electrode straying onto parent material,
b. electrode holder with poor insulation touching workpiece, l
¢.  poor contact of the earth clamp.

Spatter

Definition: Small droplets of electrode material which have strayed away from the l
arc, which may or may not have fused to the parent plate.

Causes:
excessive arc energy,
excessive arc length,
damp electrodes,
arc-blow.

________._______-—————_-.—-——————_—————;———

Classification and significance of defects
Defects may be classified depending on their shape:

e  Planar defects: linear from at least one dimension; crack like, e.g. cracks, lack
of fusion. Relative to other defects, these defects usually have 3 high
significance.

Linear volumetric defects: e.g. slag lines, elongated porosity.

Equiaxed defects: rounded and non-linear, e.g. gas pores, slag inclusions.
Relative to other defects, these defects usually have a low significance.
The position of a defect in the cross-section of a weld is also an important J
consideration. Stress is more concentrated at a surface and corrosion ma
taking place in the region, therefore a non-planar defect breaking the surface may be
classed as highly significant defect. .

The actual defect accepiance of rejection will depend on the defect acceptance levels
listed in the relevant specification.

_______#
Defect acceptance levels

General

Defect acceptance levels are included in certain specifications - especially in
applimtion'speciﬁcations. The tolérances are usually determined by the use of
¢racture mechanics, a subject which uses mathematical calculations and mechanical
tests, in order 10 arrive at maximum defect dimensions permissibie prior to remedial
action.

Some specifications contain defect acceptance tolerances which are more strict than
others, depending on the criticality rating of the structure or application to which the
specification applies.

Overall criticality rating depends on a variety of factors including: the stresses
involved. e.g. pipe pressures; the environmeat, €.g- contact with corrosive chemicals;
erosion. ¢.g. from fluid flow.

© Ruane & TP O'Neill W9-6
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m The following list is shows a variety of applications in a descending order of

criticality: -

. Vessels and pipework for radioactive substances.
Pressure vessels welded to BS 5500 or the ASME boiler code.
Pipework welded to BS 2633.
Pipelines welded to BS 4515, APl 1104, BGC PS P2.

Bridges. ships and general construction.
#
——

Repair welding

If not properly controlled, it is possible for a weld repair to be more detrimental than
the original defect, due 10 adverse microstructural effects in the h.a.z., especially on
high Ceq% materials, therefore separate repair welding procedures are normatly
required.

Some specifications may not permit the same weld area 1o be repaired more than
once, again due to adverse metallurgical effects.

Some specifications may linit the length of repairs, taking into consideration
resulting metallurgical changes and stresses acting on the rest of the unopencd weld.

Removal of defective areas

The specification of procedure will govern how the defective areas are 10 be removed.
At least one of the following removal methods will be used:

. grinding,

*  gouging using an arc process,

e  gougingusinga fuel gas process,

s  chipping,

s  machining,

s filing.

Prior 1o repair welding, the defective area would nommally be removed of blended
without impinging onto the parent (material, i.e. the original weld joint profile would
nonnally have to be maintained. 1f unacceptable defects exist in the parent material,
e.g. surface laminations, arc strikes, gouges elc., the action to be taken will again
depend on the specification requircments. Some specifications will allow grinding
and re-welding, whilst others will require the defective area 10 be cut off it the
material thickness is reduced below certain limits after grinding/blending.

" oRane £ TP ONeill .
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m Cracks found within weld zones may be divided into two broad categories:
r{[:ﬂfwgd‘w' attributable to the weld process itself.

R e L & - . . . .
42,7 Scrvieelndggiz?ﬁs ek 2 attribwtable to some external influence during service

JEAF S L PRI

such as vibration or cyclic thermal stresses.

.

!'..'“: . T e 2o ey gy PO IVERY
1" Sofidification cracksy
2. Hydrogen induced cracks (HIO).
3. Lamellar tearing.
4. Reheat cracks.
There are also many ways to categorizefterm service induced cracks. The following
list identifies the main types:
Brittle fracture.
Ductile fracture.

Fatigue fracture.

Creep failure.
Stress corrosion cracking.
Hydrogen cracking induced by corrosion.
Cracks may also be tenned in relation to their direction or shape:
*  Longitudinal with the weld axis.
e  Transverse with the weld axis.
*  Branched.
s Multi-directional.
*  Chevron.
Terminology used may also indicate the location of the crack(s) relative to the weld:
s  Edge.
e Haz.
s Cenweline.
e Crater.
¢ Fusion zone.
®  Underbead.
¢  Parent metal.

Cracks may be smooth or jagged in profile. Some cracks have branches, some are
more multi-directional and some occur intermittently.

S ————————————————
Weld process cracks

Solidification cracking -

Cracking that takes place during the weld solidification process is termed either fot
cracking or solidification cracking and occurs in all stecls which have a high sulphur
The low ntelting point of content-sulphur causes low ductility at elevated temperatures.

Jhosphorous componds nuty ,  gep . . :
F i e 0 problem and may In order for a crack to develop the solidifying metal must be subjected to a high tensile

feuted to solidification cracking. stress. this may be present as 3 result of weld metal contraction combined with high
restraint. Solidification cracks usually occur longitudinally down the centre of a weld

100] .
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Solidification cracks in welds may be due in part to the presence of materials within
ehtid than that of the metal itself.

es and can
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the grain boundary.

Egggt{aqugnmmen the boundaries will bFER

Within the steel itself, sulphur is the major liquation material. If the welding involves

a very high heat input, the sulphur in the HAZ is taken into solution by the

surrounding steel and precipitates out during cooling as sulphides, causing embrittled
weaken the steel

'

- 7}3P ) ST ] e ey et

o Liquation cracks are very small and can iniatiate hydrogen cracking.

ay

Re-heat cracKii

Re-heat Eré—éi?ing-also known TS PeMYaton
of welds, particulirly T IS0 SOy Sicels duing
elevated témpet ..’ﬁ“"_; '
Most alloy steels are subject to an increase of embrirlement of the coarse grained
region of the HAZ when heated above 600°C, the problem is worse with thicker steels
containing Cr, Cu, Mo, V, Nb and Ti; S and P aiso have an influence. Typical steeis
in thie 1172 wrca. the defect susceptable would be the 258 R types, e.ﬁ_ : -.;:‘j‘;:ﬁ_ g Steels.
i_‘:(':‘_':":’"’_"’f""ﬁ-"ﬂ"f'“'""" s During post weld stress relief and at high operating temperatures, the residual stresses
ki conkd e an existing will be relieved by creep deformation which involves grain boundary sliding and grain
defornation. If. due to high creep strength these actions cannot occur, the grain
boundarics may open up into cracks.

ligratton crack

Re-heat cracks fOSE. SroUUCRINGOCOIIE, ALCIS 2 0k

existing defects.” They are not unknown in th

originate from sharp profiles, e.g. incomplete root peneiration or at the toes of badly
shaped fillet welds.
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NOTES _ Precautions_agail re-heat cracking include toe-grincing, S gNIEIS0,
3 PRI :-"1 el Of J

sld hes

i ;__gp’__“@u:&‘ﬁis':g__ﬁ!y been found after post-weld heat treaiment is not

Service induced failures

Brittle and ductile failure
See Unit W15S.

A o
Fatigiic crackeg
Fatigue cracking is a service ggi!um which occurs under cyclic stress conditions. It

normally occurs af Weclignge, in. section, e.g. groove, radius, Step, weld toe etc.,

therefore design ahd WoRkmanship are important to minimise faiture by fatigue.
All materials are susceptable to fatigue failure. Since design and workmanship play a
major pan. ferrous based materials have an endurance limit applied to one grade of
steel in a specific heat treated condition operating within specific parameters, below
this limit fatigue is unlikely to occur. Other metals wilt all have the potential to fail

by fatigue given the required conditions.

Fatigue failures start at a specific point and propagate with each stress cycle at a rate
that depends on the applied stress. Fatigue failure is easily identified by heach
markings on the fractured tace. Final failurc can be any other mode of fracture,
e.g. brittle or ductile failure.

Thermal fatigue cracks may occur if the cyclic stresses are provided by frequent
temperature changes producing fluctuating thermal stresses.

Corrosion fatigue failure results from a combination of cyclic stress and a corrosive
environment at the fatigue site.

Creep/creep failures <°..d-m{-l* o,Pp[;ul l.oml. o& alevated fcmpmzfur:
Defonnation by creep is the slow plastic deformation of a metal. under a constant
stress at any temperature. The plastic deformation is very small compared with
noemal tensile loading whilst the temperature range for creep in a given material is
berween 0.5 to 0.7.0f its melting point expressed in degrees Kelvin (°K). Creep may

lead to fracture.

The stages of creep are:

1. Primary creep
2. Secondary cre_aéga- steady state constant rate creep - the most important stage

3. Tertiary creep - The stage when the rate of extension accelerates and leads to
failure.

Creep tmay occur in any situation where a steady state of stress exists, €.8. ranging

from lead pipes at room temperature to stcam and power generating plant at 450°C to

500°C.

‘Materjals such as Cr-Mo-V have been developed for high temperature service which

resist creep by blocking the plastic deformation slip systems.

Stress corrosion cracking

This type of cracking may occur in materials in a state of tensile stress and in contact
with a corrosive medium. The level of stress which can cause the cracking may be
well below the yicld point of the material.

o Huse & TN . w9oS.3

e 1 100594




feewell

m Stress corrosion cracks gre surface breakig &nd are found at any sharp change in
: section, notch o crevice, especially in structures which have not been stress celieved.
Both ferrous and non-ferrous materials are susceptable to stress corrosion cracking.

&
8%k rome /| steeB, €2 s _
i by the chromium and chromium

g"/ . :
anickel, o the grain boundaries as the metal cools down. This causes a local reduction in
chromium content which has the affect of lowering the resistance to comrosive attack

o Atuane & T POV Neill
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Consumables used in arc welding may be a combination of wirc and flux, or bare
- wire. Flux may be present either as a core - for some m.a.g. applications: as a
nular additive - for s.a.w.; of as a coating - for m.m.a. welding. Exceptions to this
rule include the m.i.g. and t.i.g. processes which use bare wire consumables and no
flux.
Consumables which are added separately to the weld pool may be known as Siller
rods ox filler wires; if they are part of the welding circuit providing one end of the arc,
they are known as electrodes.

Y ———————
S ———— e —————

Filler rods and wires

BS 4165 - Electrode wires and fluxes for the s.a.w. of carbon steel and mediumn
tensile steel.
BS 2901 - Filler rods and wires for gas shielded arc welding; (5 parts).
BS 2901 specifies the requirements, including chemical compositions. for filler rods
and wires for the tig and m.i.g./m.a.g. processes. The following shows two
commonly used wire types for steek:
Type A7 - double deoxidized: C 0.12% max.; Si0.2-0.5%; Mn 0.85-1.4%:

P 0.04% max.; S 0.04% max.; Cu 0.5% max.
Type Al5 - triple deoxidized: € 0.12% max.; S$i0.3-0.9%; Mn 0.9-1.6%;

P 0.04% max.: S 0.04% max.: Cu 0.5% max.:

Al 0.04-0.4% max,

The requirements in all cases are that the rods and wires have a smooth finish, free
from surface imperfections, corrosion products, grease or other foreign matter which
would adversely affect the quality of the weld or the operation of the welding
equipment.  In addition, wires should be free from kinks. waves. sharp bends or
twists.

Filler wires used for welding steel with the m.a.g. process are coated with a very thin
layer of copper to protect the wire from corrosion. This copper layer also improves
the electrical pick up via the contact tube.

The chemical composition is stated in individual specification parts relating to
particular materials: for example:

e Part | : Ferritic steels: these consumables may be supplied either barc or with a
protective copper coating, and would be double or triple de-oxidized.

Part 2 : Austenitic stainless steels.

#
e EE—

M.m.a. consumables (electrodes)

Development history

1900: M.m.a. welding was introduced using bare wire as a consumable clectrode. The
arc was difficult to initiate and maintain, and the electrode burned off erratically.
frequently freezing in the weld pool. The weld itself, which was open to atmospheric
attack. was porous, lacked penetration and fusion, and was highly contaminated with
oxides and nitrides.

Development was restricted until it was noticed that rusty and/or mud coated wire
gave increased arc stability and improved weld quality.

1907: The first covered clectrodes dipped in lime were developed. Asbestos was
introduced 1o control the melting of the flux. which burned slightly later than the core
wire: this improved the transfer characteristics of the molten metal, penctration and
weld shape. but they were only suitable for use with d.c. because of instability.

 Rusne & T PO Neill W l 0' l
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1915 Cellulose electrodes developed by the addition of wood pulp, cotton waste and .
- other organic materials to the flux coating. Cellulose introduced into the arc will
produce large volumes of gas, including hydrogen, and creates an effective shield
against the atmosphere. Modem electrodes of this type rely more on the gas shicld
than on the slag to protect the weld, and are usually thinly coated with flux. At the
time of development they could only be used withdc.. ‘

1935: Rutile electrodes containing approximately 50% rutile titanium dioxide (Ti0,)
were developed. Rutile is mainly a slag former but it also stabilizes the arc and lowers
the operating voltages required. Rutile covering enabled m.m.a. to be used with ac,
which effectively reduced the overall cost of the process and made it more acceptable
to industry.

1947: Basic coated low hydrogen electrodes were developed. The Second World War
had forced the construction industry to use the m.m.a. welding process, mainly for the
increased speed of fabrication obtained, however as steel quality improved, the
electrodes tended to Iag behind, and probably still do today. This created a lot of
metallurgy refated problems, mainly due to the high hydrogen content of the cellulose
electrodes. or the low strength of the rutile electrodes. The basic coated, low
hydrogen clectrodes were able to overcome most of the initial difficulties in both these
areas.

1955; Iron powder electrodes were introduced. lIron powder can be added to all
electrode coverings and has the advantages of almost doubling the deposition rate and
increasing the time spent welding, giving longer beads and less stop/starts. It also
reduces the operating voltage making a.c. an even more feasible proposition and
enables rouch welding techniques to be used. lron powder electrodes improve weld
pool fluidity which is fine for production welds in the flat position but requires greater
operator skill during positional welding.

Future trends: The main areas of future consumable advancement, will probably be
higher strength uses on carbon steels with increased deposition rates and arc stability,
with an overall reduction in the operator skill level required for their use. All these
and other factors will be a result of flux additives, because very little can be done with
the core wire which is usually standard for C and C-Mn steels and has a typical
composition of 0.2% C, 0.5% Mn, 0.02% Si with Fe making up the balance.

Functions of flux

The functions of a flux can be summarised as follows:

s 1o provide a gas shield protecting the arc and weld pool from atmospheric
oxygen and nitrogen which can cause inclusions and reduce the weld ductitity.

to provide a slag which gives additiona! shielding to the weld pool and assists in
its manipulation during welding. The slag also creates a thermal blanket
slowing down cooling and refining the metallurgical structure of the weld metal,

to improve the physical properties of the arc. The coating additives improve arc
initiation, stability and ease of use, :
to introduce weld metal alloys, iron powder, deoxidants etc. thereby improving
metallurgical properties; lowering oxygen and nitrogen levels, and hydrogen
levels in certain cases; and increasing deposition factors and overall efficiency.

Types of flux covering

Introduction

Rutile, cellulosic, and basic fluxes are the common types of coverings for m.m.a.
clectrodes: others include acid and oxidizing coverings. Some electrodes may be
produced solely for a particular contracts requirements.

Rutile

Rutile coated electrodes are used mainly on general purpose work such as mild steel
fabrications, low pressure pipework, support structures, brackets etc.. A medium

¢ Hunre & T P EYNeill w10'2
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weight coating of titariium dioxide plus fluocspar, gives a fluid fast freezing slag,
which makes the electrode suitable and easy to use in all positions, but not often
vertical down. Electrodes of this type are very popular throughout the welding
Rutile fluxes should be kept dry but never baked.

The flux constituents include the following:

a. Titanium dioxide {(rutile) - slag former and secondary ionizer.
b. Clay - binding agent.
c. Sodium silicate - main ionizer.

Cellulosic

This coating designation indicates a high cellulose content which produces large
volumes of gas in the region of the arc. The principle protection mode of cellulosic
electrodes is via this gas shicld which consists of H,, CO, CO, and H,0. The most
important of these gases is the hydrogen (H,) which has the effect of increasing the
arc voltage with a corresponding increase in power; this develops a very forceful
deeply penetrating arc.

Cellulosic coated electrodes also have a rapid bum off rate, a fast freezing weld pool
and thin stag. this makes the electrodes especially suitable for vertical down and
overhead work. One of the main uses of cellulosic. electrodes is the stovepipe welding
of high strength large diameter pipelines and storage tanks; good quality penetration
beads can be produced.

The completed welds have a rough appearance with coarse uneven ripples: the spatter
content is higher than that achicved with other electrode types.

Cellulose fluxes are hydroscopic and are designed to hold between 4-7% moisturc;
they must be kept dry but never baked.

The flux constituents include the following:

a.  Cellulose (mainly wood pulp) - gas fonmer. High in H, which increases arc
voltage and therefore overall power of the arc - this may be detrimental for
some steels.

Titanium dioxide - slag former. A minor addition only - not enough to affect
ionization.

Sodiwum silicate - main ionizer. Usually permits welding with d.c.+ve.
Potassium silicate is an alternative - this ingredient often penmits welding
with all curent forms but is expensive.

Basic

Basic coated electrodes have a high limestone and fluorspar content, and werc
developed to produce weld metals with a low hydrogen content. Limestone has
excellent arc stabilizing (ionising) qualities and produces a carbon dioxide gas shield.

Prior to use they may be baked at temperatures up 10 approximately 500°C, depending
on the particular make of electrode, to drive off moisture without damage occurring 1o
the coating.

Basic coated electrodes are used extensively because of their ability to weld low alloy,
high and medium tensile steels, and steels with a high sulphur content without any
real danger of solidification cracking.

Basic coated electrodes also reduce the possibility of hydrogen induced cracks in the
weld and/or h.a.z. area. but this factor is dependant upon them being properly dricd
before usc. Typical precautions include heated storage areas, sealed containers,
pre-issue ovens, and quivers for on-site welding.

BS 639 states that for an m.m.a. electrode to be classified as hydrogen controlled. it
must produce less than 15 ml of hydrogen per 100 g of weld metal deposited. With
proper control this can be brought down to less than 5 ml Hy/100 g of weid metal.

To prevent atmospheric contamination of the weld, a short arc with minimum weave
must be maintained which makes manipulation difficult; therefore basic coated

W10-3
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m eloctrodes generally require @ higher degree of operator kill. -Another disadvantage . '

of basic coated electrodes is that when positional welding is ‘carried out, the
conventional or vertical up technique must be used. This can be counter productive
and expensive; however, there are basic coated electrodes available which can be used
in the vertical down direction so that a combination of high integrity weld metal and
high speed positional welding are combined.

The flux constituents include the following:

a. Limestone (calcium carbonate) - gas former {mainly CO,) and secondary

c.  Sodium silicate or potassium silicate - main ionizer.

BS 639 electrode coding .
The BS 639 - Covered carbon and carbon manganese stec! electrodes for manual
metal-arc welding, classifies electrodes and designates a flux covering code.

Examrecoomna: E5143B 160 24H

ionizer. '
b. Fluorspar - slag former. Similar to titanium dioxide but higher quality.
"".

1. The letter E. A flux coated electrode for use with the manual metal arc welding
process. There are no alternatives to the letter £.

The number 51. Relates to the tensile strength and the minimum elongation
values of the deposited weld metal. The ‘only possible numbers are 43 and 51:
these relate to the following values:
43 - the weld metal has a tensile strength within the range of 430-550 Nfmm’
and a yield stress of not less than 330 N/mm?,

51 - the weld metal has a tensile strength within the range of 510-650 N/mm’
and a yield strength of not less than 360 Nfmmn®.

The minimum elongation value retated to the above is also dependent on the
next digit - the value will be between 18% and 24%.

The numbers 4 and 3. A second group of two independent numbers give
information on notch toughness related to Charpy V-notch impact tests.

The letter B. This indicates flux type; the following letters are options:
B =basic :
BB = basic. high efficiency
C = cellulosic
R =rutile
RR = rutile, heavy coated
S  =otherrypes

Note: The above part of the code is sometimes referved o as the STC code
(STC = strength, toughness and covering). If a conswmable is to have a
BS 639 coding, the above information has to be supplied as a minimum; the
following part of the code is optional.

The number 160. This indicates the electrode efficiency to the nearest 10% above
110%, which relates basically to the amount of iron powder present; e.g. if the core
wire provides 100% of the weld metal and an extra 60% is deposited, then the
electrode has an efficiency of 160%.

5. The number 2. This indicates specific welding positions in which the electrode
can be used.

6. The number 4. This indicates the welding current and voltage conditions.

+. Rusme & T P O Neill W10'4
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2. The letter H. The code may include this letter when no more than 15 m! of
hydrogen is present per 100 g of weld metal deposited. i.e. when the letter & is
present the electrode may be classed as fydrogen controlled.

BS 639 : 1986

Covered electrodes for the manual metal arc welding of carbon and carbon manganese steels

The code up ko the electiode COVERING EFFACIENCY
covering is compuisary, the

rest may be added a1 the basic % recovery 10 nearest 10%
manutaciurer’s discretion, basic (high elficiency) (above 110)

© PROCESS
Covered MMA elecirode

all positions except venical down

gt and, for Gllet wekls, horizontalvertcal

a1

a1, venticatidown and, for Eet welds, horizomtatvertical
mpns‘linnotoorrhi\aﬁonolposaimsnotdassﬁedm.

SECOND GROUP ELECTRICAL DIGIT

Temperature tor}| Second | Temperature lor Digit Direct Cument ARemating current
impactvalve of || Diga | impact valwe of Recomnended Minimum open-circuit
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AWS electrode coding
A frequently encountered electrode classification code for m.m.a. welding is the AWS
AS.1 - Specification for carbon steel electrodes for shielded metal arc welding.

The code consists of a letter followed by four digits and in one case a final letter: ‘

Example coding E7018M
i
‘f' ’
M

E Electrode. .
70 70,000 psi specified minimum ultimate tensile strength.

Welding position suitable.
8 Flux type and electrical characteristics.

P

M Meets military requirements.

M.m.a. electrodes for steel which are encountered with a coding similar to any of
those shown in the table below, e.g. E7010G. E8016-Bl, they will be coded in
accordance with the specification AWS AS5.5 - Specification for low alloy steel

covered arc welding electrodes.
The complete AWS AS5.1 (1991) electrode classification is as follows:

AWS
Code

Type of Covering

Welding Position

Type of

Current

E6010

High cellulose sodium

F.V,OH,H

deep

E6011

High ceflulose potassium

F, V.OH,H

ac or deep

E6012

High titania sodium

F,V.OH,H

ac or dcen

E6013

High titania potassium

F,V.OH.H

ac, decep or decen

E6019

fron oxide titania potassium

F.V.OH,H

ac, deep or deen

E6020

High iron oxide

H-fillets
F

ac or dcen
ac, dcep or dcen

E6022

High iron oxide

F.H

ac or dcen

E6027

High iron oxide, iron powder

H-fillets
F

ac or deen
ac, deep or dcen

E7014

Iron powder, titania

F.V.OH,H

ac, deep or deen

E7015

Low hydrogen sodium

F,V,OH,H

deep

E7016

Low hydrogen potassium

F,V.OH,H

ac or deep

E7018

Low hydrogen pofassium,
iron powder

F,V.OH,H

ac or deep

E7018M

Low hydrogen iron powder

F,V,OH,H

doep

E7024

fron powder, titania

H-fillets, F

ac, deep or deen

E7027

High iron oxide, iron powder

H-fillets
F

ac or dcen
ac, dcep or deen

E7028

Low hydrogen potassium,
iron powder

H-fillets, F

ac or doep

E7048

Low hydrogen potassium,
iron powder

F.OH, H, V-down

ac or deep

I+ ituane & TP O'Ndll
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Fusible inserts

A fusible insert is a pre-placed filler material that is fused to aid the formation of a
weld made from one side only. They are mainly used on small bore pipework for the
purpose of controlling root penetration. T.i.g. welding is used for fusing the inscns,
usually without the use of a filler wice.

©Rusoe & TP O'Neilt
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Low alloy steel electrodes for m.m.a. welding

BS 2493
BS 2493 - Low alloy steel electrodes for m.m.a. welding.

This standard defines a range of m.m.a. electrodes which may be classified as low
alloy and/or high strength.

The classification of an electrode to this standard is indicated by a code in the
following order:

a. Composition code - The chemical symbols Mn, Ni, Cr. Mo, W and V are
used as appropriate to show the alloy additions. A prefixed figure is used to
show the approximate percentage content of the first element defined.

To indicate a low carbon version the letter L is added after the last chemical
symbol.

b. Covering code - The covering characteristic will be either basic, rutile or
cellulosic and will be indicated by the letter B. R or C.

¢.  Hydrogen controlled electrodes - The letter A is included if the electrode is
capable of producing less than 15 m1 H/100 g of weid metal deposited.

The specification defines the following grades of clectrodes:

d. Molybdenum steel electrodes, e.g. Mo C.

e.  Chromium-molybdenum steel electrodes. ¢.g. 12Cr Mo W V B.
_ Nickel stecl electrodes. e.g. 2Ni L B.

g Manganese-molybdenum stecl electrodes. e.g. 2Mn Mo B.

h. High strength tow alloy steel electrodes. e.g. 2Ni Cr Mo B.

Note: Core wire may be made from cimming steel surrouded by a flux containing all
the alloying clements required. Sometimes this results in thick coverings which can
make positional welding dificult, in this case. an altoy steel core wire may be used in
conjunction with a flux of normal thickness.

AWS Aj5.5-81

AWS A5.5-81 - Specification for fow alloy steel electrodes for SMAW.

This code operates in a3 manner similar to the A5.1 but higher weld metal strengths in
the range of 70-120 Kpsi are designated: the valucs and meanings of the next rwo
numbers do not change. An additional chemical composition suffix is then added.
Example classification: E9018-B3L..

The suffix used gives the following basic infonnation.

a. A - Carbon-molybdenum steel.
Chromium-molybdenum stecl.
Nickel steel.
Nickel-molybdenum steel.
Manganese-molybdenum stecl.
Requires a minimum value of one defined element, others to be
agreed by purchaser/supplicr.
g - Confonns to military specifications.
h. W - Specific copper content also defined.

a. to e. may follow the first suffix letter to further define the percentage of elements
used. A final letter L indicates low carbon of 0.05% maximum content.

£ Rusne & TP OVNeill
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Carbon and C-Mn steel tubular cored welding electrodes
BS 7084 - Carbon and C-Mn steel tubular cored welding electrodes. ”

When solid wires are used for welding, 100% of the gas shieid has to be supplied from

an external source. With flux cored wires, the electrode is tubular and contains
minerals, deoxidisers, ferro-alloys and other additives, which together may form some

or all of the gas required foc shielding. . ;
Welds can be produced at higher speeds, may be larger in size, will have improved '
contour and may have specific metallurgical qualities above and beyond the
capabilities of solid wires irrespective of the type of gas shield used. l
Electrodes—solid or flux cored-which require some additionat extemal assistance in

order to provide an effective gas shield must be used with electrode d.c. +ve;
electrodes which are 100% self-shielding may be used with d.c.+ve or dc. -ve

polarity.

-.—__F_____—#

Wires and fluxes for submerged arc welding

BS 4165
The BS 4165 - Electrode wires and fluxes for the s.a.w. of carbon steel and
medium-rensile steel.

This standard requires s.a.w. consumables to be tested using a multi-pass (M) or two
pass (T) technique to an indicated minimum yield stress, e.g. 430 N/mm’,

The chemical analysis is also controlled and this is shown by the suffix letter § and a
number. e.g. 1, 2, Jor 4.

The letter S indicates that a single (silicon) deoxidant is present, the numbers indicate

ihe amount of manganese present as follows: J

S1 C+0.5Mn =silicon + carbon + 0.5% manganese
S2 C+1.0Mn =silicon + carbon + 1.0% manganese
S3 C+ 1.5Mn =silicon + carbon + 1.5% manganese n
S4 C+2.0Mn =silicon + carbon + 2.0% manganese

A second set of super deoxidised (SD) wires are classified which incorporate ,"
additional deoxidisers—usually aluminium, titanium and zirconium. These will
produce very clean, fine grained steel deposits.

Code number examples:

S2 M 450

S1°T 300

SD3 M 450 .

Additional alloys may also be specified, for example:

SD1 2%Cr 0.3%Mo T450

AWS A5.17-89

AWS AS5.17-89 - Specification for carbon steel electrodes and fluxes Jor submerged
arc welding.

This specification states the requirements for the classification of carbon steel
clectrodes (both solid and composite) and fluxes for s.a.w.. The coding system shows
the flux capabilities when combined with a specific electrode.

Example codings: F7A6-EM 12K or F6A4-ECI (irade name).

¢ Runne & TP O'Neill
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This may be interpreted as follows:

a. F -  Indicates flux.

b. 7 - Indicates the weld metal's mininum ultimate tensile strength in Kpsi
x 10 when using the flux with the electrode identified.

A Designates the condition of heat treatment (0 the weld on which tests

were conducted. A is for as welded and P for PWHT.
Indicates the lowest temperature in -°F x 10 a1 which a Charpy value
of 27J was achieved.
End of flux designation.
E indicates a solid electrode. EC would indicate a composite
electrode,
This may be either L, M or H, indicating low. medium or high
manganese content.

h. 12 This may be one or two digits and indicates the nominal carbon
content of the electrode, e.g. 12 = 0.12%, 8 = 0.08% etc..

i, K - Indicates the electrode is made from semi-killed steel.

Additional flux information

All fluxes 1o this specification must be of a granular nature and capablc of flowing
freely when used. Particle size is 10 be a matter of agreement between purchaser and
supplier. The flux must pennit the production of smooth beads with lunited depth of
undercut.

Fluxes are classified on the basis of mechanical properties of the weld metal they
produce and therefore have (0 be shown in conjunction with the etectrode used.

Fluxes used to this specification may contain fusible compounds of various
proportions. Some fluxes contain deoxidisers, others do not, and fluxes may react
differently with different electrodes and arc voltage used. A change of arc voltage
during welding will change the amount of flux melted and may therefore change the
composition of the weld metal. The cffect of this change allows fluxes to be described
as neurral, active or afloy.

Neutral fluxes are those which do not produce any significant change in the weld
metal chemical analysis ircespective of arc voltage/arc length changes. Fluxes of this
type contain little or no deoxidisers and rely on the electrode for deoxidation. They
arc mainly used for multi pass welds.

Active fuxes contain manganese and silicon as deoxidisers and the effect of these on
the weld metal will change as the arc voltage changes. these fluxes are used mainly
for single pass welds.

Alloy fluxes are those which can be used with a carbon steel electrode to produce a
low alloy weld metal, as such, they come under the scope of AWS A5.23 - Low alloy
steel electrodes and fluxes for s.a.w.

Additional wire infonmation

The tetter £ stands for solid electrode to which a specific chemical analysis can be
applied.

When the letters EC are applicd. it indicates a composite electrode consisting of wire
plus flux is to be used: this makes wire analysis meaningless and therefore the weld
metal composition with a particular (separate) flux has to be determincd. Because
different manufacturers of flux cored/coated wires may use fluxes of various content.
it is necessary to identify clectrodes of this type by their trade name and enter this as
part of the code.

& Houwee £ T P O'Nell
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Wolding plant is the general tenm given to the various picces of elcctro-mechanical
equipment that are necded to make welds. Gas apparatus is not included.

Welding plant ranges from simple transformers connected to tongs for MMA welding
up to fully automatic submerged arc systems or robots, and it may be required to
perfonn a aumber of functions:

1. Supply suitable current and voliage for the welding arc (power sources).
2. Conduct the current to the arc (cables, guns).

Feed the consumable into the arc (electcode holders, wire foeders, autormnatic
welding heads).

Supply shielding gas to the arc if required (welding guns).

Guidc the arc along the welding path at controllied speeds (automatic equipment,
tractors, robots).

E——

Power sources

Welding arcs for most applications require current in the range of 30-500 A, and arc
voltage (while running) of about 12-35 V. A welding process may require DCeve,
DC-ve, or AC. at essentially constant current {CC) or constant voltage (CV), and with
stcady or pulsed current. As clectrical technology has become more sophisticated,
process control has become more effective, and new types of power sources are now
being introduced for most welding processes. An understanding of the electrical
requirements of the various welding processes will make it easier to appreciate the
features of new power sources, without requiring a knowledge of their internal
echnology.

The major division of welding processes is inlo those that requirc ¢ssentially constant
cument - MMA. TIG. plasma. and high current submerged arc welding, and those
that requirc constant voltage welding - MIG/MAG. flux-cored. and lower currcnt
" subimerged arc welding. The fundamental current type required for those processes
will not change, but we can cxpect significant changes in the technology of the
welding plant required 10 run those processes.

» Constant current power sources for MMA and TIG welding

Stick clectrodes operate at virtually constant current, and at arc voltages that are
mainly characteristic of the type of flux coating. Electrodes may require AC, DC+ve,
or DC-ve polarity. The simplest power sources arc transfortners with suitable means
of controlling the cument. DC output requires rectification of the output from a
transforner. Quiput charactenistics are shown below:

Carhon arc gouging also
requires the use of CC power

sources. Wo.cv. Q.CV. gl:n'k,'na vc.lto.ae (ta'}'ml‘ orc inif:’a{.'on .

Small amperage varlation

Aac wurldang vollage

MMA, TIG, Plasma asc

Re.t;,ui wod 80"

TR and SAW >100anps -y 111
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exception of cheap hobby and DIY sets, on which the only control is for current, most

industrial CC sets have special features to improve weld quality.

Special features - MMA

The voltage across the terminals of the power source, when no current is flowing is
called the open circuit voltage (OCV). Older sets had up o0 90 QCV to ensure good
arc striking, but safety restrictions have resulted in 50 OCV for many applications, but
that has required a2 change in-electrode formulations. Electrodes that give good
penetration, such as cellulosic rods for pipe welding still require an OCV higher than
50 V.

Pipe welding electrodes also require power sources with output curvent that can be
varied slightly with arc tength, to allow welders to control penetration.

Some CC power sources provide a current boost at low arc voltages to prevent the rod.
from sticking in the pool when the arc becomes too short; this is called arc force

control.

Special features - TIG

TIG welds can be started by scratching the tungsten on the workpiece but it is more
desirable 1o use high-frequency (HF) arc ignition and for aluminium the HF is
retained during welding to provide arc stability.

TIG welding of thin sheet is improved by pulsing the current at a frequency of about
0.3 Hz (one pulse every 3 scconds).

Aluminiwm and magnesium alloys require AC to avoid overheating of the tungsten
electrode that would occur with DC+ve, while still providing sufficient cleaning
action. The oxide films have a rectifying action which causes higher current to flow
when the electrode is -ve. Many TIG sets allow the two halves of the cycle to be
adjusted to balance the current and to give sufficient cleaning action without
overheating the electrode.

Sine wave AC is now being replaced with square wave AC. This provides higher
effective current and the rapid switching from one polarity to the other reduces the
re-ignition time of the arc and makes it more stable. '

Further modifications can be applied to the AC and DC current. The most
sophisticated TIG sets provide control for the up-slope and down-slope of welding
current, whether steady of pulsed.

Additional controls can provide pre-flow and post-flow of shielding gas to ensure
purging of the weld zone before the arc ignites, and adequate coverage of the weld
while it cools.

Constant current power sources for submerged arc welding

Heavy duty transformers and rectifiers, with capacities up to about 1500 A are
available for submerged arc welding, and they are used in combination with wire
feeders that run at speeds that are controlted by the arc voltage to maintain constant
arc conditions. While welding, the feed speed does not stay constant, but the arc is
regulated by variations in the wire feed speed to maintain constant arc voltage, and
the output of the power source is essentially constant current. CC power is used for
submerged arc welding at curvents generally above about 1000 A, and when large
weld pools arc produced. as in surfacing applications.

Constant voltage power sources

Constant voltage power sources must not be used for MMA or TIG welding because
the short-circuit current is not limited and it can rise to very high values when
striking an arc. In traditional CV power sources the mains frequency AC input is
transformed to the desired voltage and current which is then fed to rectifiers and
inductances. CV power sources must be used in combination with constant speed wire

TP ONn
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_ m ¢eedors. The output of CV power sources usually has a slope that causes a chang of
about 100 A in the current when a change in the resistance of the welding circuit

causes a change of 1 V at the terminals. Qutput characteristics are shown below:

Sma? voltage varietion

( 0CV orc uo({uae. virtvall
B T Ne chq.na, ,'

volls

Used with MEG[mAG
ESW & SAW <[Q00A]

laxge amperage
varxialion

R L

o
Amps

In CV systems, the arc is regulated by rapid changes in current which cause changes
in the burn-off rate of the wirc which is being fed at a constant speed into the arc. The
arc voltage is maintained constant by the rapid changes in current as the clectrode
extension (stick-our) varies. Only constant stick-out will give constant curvent.

CV power source are available for currents in the range from about 50 A to 1500 A.
Although many power sources have wide operating ranges, it should be remembered
that they do not give the besl control when used near their lower or upper limits.

All power sources for use up 10 about 200 A incorporate an inductance control which
is a choke that slows down the rate of increase of the current during a short circuit.
Controt of inductance is important in dip transfer welding. High inductance leads to
smoother transfer of each droplet after the short circuit, but if the inductance is too
high, the arc stumbles when starting. Power source for use at high curvents do not
need inductance.

The essential controls on CV power sources arc output voltage and inductance (up to
about 200 A capacity).

. Welding current is controlled by wire feed speed, and only if the feeder is not
incorporated into the same chassis (as it is in compact sets). CV power sources
themselves-will not include a control for current.

Modifications of traditional CV power sources

The major modification of traditional CV power sources have been to give them
multi-process capability by including CC output. A good muiti-process set will be
capable of MMA and MIG/MAG welding, and will incorporate control of inductance
and arc force. Many modifications and new types of power sources are now being
developed.

The first significant modification of CV power was the devclopment of pulsed current.
The early sets superimposed mains frequency or double mains frequency on the stcady
DC output and it was found that the intecrupted spray transfer reduced spatter and
extended the application of spray transfer 10 positional welding.

Further modifications, inverters, ctc.

One of the disadvantages of high-curmrent welding scts has been their size and wcight,
which arises mainly from the amount of copper and iron nceded to deal with high
currents in the transfonner. Much cffort has been devoted 1o reducing the sizc and
weight of power sources, improving their clectrical cfficiency, making them morc
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m flexible in operation with more featurcs to improve welding éharacteristics, and to *
making them cheaper. .
Chronologicaily, the next major step was the development of power sources in which
the mains AC input was first rectified to DC which was then inverted to high
frequency AC which requires a celatively small transformer compared with mains
frequency. The high frequency AC output from the transformer is rectified and
controlled to provide the welding output. '
Pulsing became more sophisticated and the development of semi-conductors that will
carry welding curvents and the use of microprocessor controls, has led to the recent
introduction of power sources that are significantly different from what has been used
in the past. The combination of inverter technology and new control systems has led
to the introduction of power sources that are much smaller than before for the same
output rating, and they are capable of many more functions. The broad capability of
individual sets now makes their classification difficult, because many of them have
CC and CV output, pulsing, etc, all ina chassis that might be about one quarter of the
size of an older set with similar current capacity- :
Inverter technology is used to reduce the size and weight of power sources, and it
provides a convenient starting point to introduce other features to improve weld
quality and ease of use.

Inverter sets are now available with the following types of output:
1. CCfor MMA welding.
CC for TIG welding. with various additional features for pulsing, etc.
CC for plasma cutting.
CC/CV sets for multi-process welding.
CV for pulsed MIG/MAG welding.

Pre-progranuned  for MIG/MAG welding with various wire sizes, gases.
materials, and pulsing.

Pulse wave fonns for all types of welding, for which the wave fonns can be
pre-programined or entered with computers.

#

Wire feeders

The function of a wirc fecder arc:

¢  To push the wire to the arc at a coatrolled speed, regardless of changes in cable
configuration, wire quality, etc.

e  To feed shielding gas and water to the gun.

e  To control additional features, such as burn-back.

The essential parts of a wirc feeder are:

The drive motor and gear box.

Controls that might include tachometer feedback for speed control during
welding, inching specd. bum-back timer, spot welding timer, etc.

Inlet guides. feed rolls with pressure adjustment, outlet guides.

Gas solenoid.

. Rusne & T P O°Neill
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Welding heads, guns, and torches

These terms are generally used to indicate the devices that feed the current, wire, and
shielding gas to the arc. In semiautomatic welding, if a wire is fed through the device
it is called a gun, and it is a rorch if only gas passes through it. Heads, guns. and
torches can be water cooled for high welding currents.

Welding heads are fitted to automatic machines, and are for submerged arc (to fecd
wire and flux), MIG/MAG and FCAW (to feed wire and gas), and TIG, or plasma
welding (shielding gas only). Separate feeders and heads can be attached to TIG and
plasma heads for adding filler metal.

“The devices are rated for maximum welding current. For submerged arc welding 2
100% duty cycle rating is necessary. Most MIG/MAG gun/cable combinations are
rated for 60% duty cycle, when using CO, shielding gas. For argon-rich gases, which
put a heavy heat load on the gun, the maximum current that should be used may be as
low as about & half of the CO, rating.

For welder comfort. most MIG/MAG guns deliver the wire at an angle of about 60
with the handle axis. but for overhead welding straight guns are more comfortable.

The welding electrode wire is pushed through the cable via a steel spring liner to the
gun, where it passes through the neck and into the contact tube (tip) where it leaves
the gun to enter the arc. The gun and cable should be cleaned regularly to remove
debris from the wire. and the contact tip should be replaced when it is wom. If the
wire causes feeding problems, and the system is in good condition, the wire should be
returned to the supplier and replaced.

Aluminium wire {(which is very soft compared with steel) requires a plastic cable liner
and the elimination of all rough cddges where it may become scored.

MIG/MAG cables usually contain the lincr for the clectrode wire, the gas hose, water
hoses if used. trigger switch lcads, and the copper cable to conduct the welding
current.

TIG torches come in 8 wide variety of shapes to suit differcent applications, and they
are rated for maximum current at 100% duty cycle.

TIG cables include gas hoses. water hoses. and trigger switch leads.

Gas cups {nozzles) for MIG/M AG guns. and the flux cones for submerged arc welding
are made from copper. TIG nozzlcs are usually ceramic.

Before starting a job. guns and torches should be checked to detenmine if they arc
adequate for the welding cwrvent 10 be used. Guns. conict tips, gas nozzles, and cables
should be routinely checked for damage and clogging. and wom or damaged parts
should be replaced to ensure good performance.

#

Control units

Control units for automatic welding usually contain all the functions of a wire fecder
plus extra features for control of weld striking. welding, crater filling and bum-back.
timers for those parts of a welding cycle. arc voltage. and auxiliary equipment, such as
positioners. rofators. ctc, and a wire straightener is gencrally included. For automatic
welding the welding head is often mounted dircctly on the control unit and wire
feeder so that the straight wirc is fed into the arc. thereby assisting its placement
during welding.

& Husne & TP ONrill
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Mechanised, automatic, and robotic welding

Considerable gains in productivity and quality can be achieved by the use of machines
that control the position and speed of the arc along the welding path. It becomes very
ditticult for a welder to maintain good weld quality at travel speeds faster than about
500 rmim/min, but submerged arc, MIG/MAG and flux-cored welding are capable of
producing good weld quality at speeds 10 35 much as 5000 mm/min, and deposition
rates are much higher. The continuous wire processes can be mechanised and
automated to various extents that depend on factors such as the size and number of
components (o be produced. '

Small mechanised equipment

Productivity and quality can be improved by the use of small equipment that will
control the position and speed of the arc. A range of tractors is available for making
fillet and groove welds, and for surfacing. Self-guiding units that sit on horizontal
plate are used widely in deck welding. All-position tractors are mounted on rails that
are attached to the surface of the workpiece.

Additional units can be mounted on the tractors to provide weaving motion.

Tractors may provide motion only for semi-autothatic welding systems, in which the
remainder of the equipment will be the same as for manual welding, or the tractor
may include its own welding controf unit, wire feeder, travel contro! unit, flux hopper.
etc. and be capable of carrying currents of over 1000 A.

Large mechanised equipment

The mechanised welding of large components, such as pressure vessels, utilises
rotators, positioners, columns and booms, and other more specialised units to provide
the controlled relative motion of the workpiece and the welding head.

Small adjustments of the position of the arc may be made by the operator or by
automatic sensors that control the position of the head.

Automatic welding

Many repetitive parts are welded in machines that are loaded by an operator who
merely presses a button to start 2 complete automatic cycle the positions the part
under the welding head, runs through a welding sequence, and positions the part for
unloading.

Robotic welding

Robatic welding is similar to automatic welding, except that welding robots are
capable of manipulation of torch and work piece, allowing welding of components
with irregular weld paths. Because the removal of slag would create problems, most
robots use gas-shielded MIG/MAG solid wires or metal-cored wires. Most robots are
programmed by steering the welding head around the weld path and entering that
path into the robot’s memory. The robot controfler also feeds signals for controlling
wire feed speed, arc voltage, the various weld sequences, and automatic cleaning of
the gas nozzle.

© Rusne & T P O'Nall
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Feowel UNIT W12 BS 499 : PART 2: SYMBOLS FOR WELDING

m BS 499 : Pant 2 : Symbols for welding specifies roquirements for the symbolic
representation of welds on drawings for common types of welds.

ﬁ

Elementary symbols

Each weld may be characterized by a symbol which. in general, is representative of
the shape of the weid to be made, or the edge preparation (o be used. e.8. single-vee
butt weld. An clementary symbol does not indicate the welding process to be used.
Detail regarding root gap. use of backing matcrial. and number of runs to be deposited
will be given on the welding procedure shect.

The vertical line on the symbols for single-bevel butt. single-J butt and fillet welds
must always be placed on the left hand side of the symbol irrespective of the
orientation of the weld metal.

Providing the joint is not 100 complex. combinations of elementary symbols are used
for welds made from two sides and compound welds. ¢.5. 3 fillet wetd superimposecd
on a single bevel butt weld.

Tabte 1, Elementary symbols 85 499 : Part 2 : Y980

Burt weld berween {langed plates” [(the Tlangeas teing melied
down completety)

Square butt weld!

Sungie-V butt weld ‘
B . SNNRSI

Singie bevel butt we! : -
1d Y SN
Single-V butt weld wi o t \
o th broad rool face F m

Single-bevel butt weld with broad root (ace P4 SRR
Y,

S SN

Backing or waling run Wm

Bt veuigh brieren Tlanged H4ten fiyobo! | Aol COMOIIIRY Dinets sidd oid Ly PROOi e B LER A Dutl sertn [t IV i the mid
1R L ety vhawe (1w taobde 101

'
Thor yrntand o v 18 el atd 5 ) wrid sivrh Y B A SAD ETIR ITGA Sad a0 141 marid
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NOTES

Plug weid (circular or clongated hole, completcty {hted]

WILSARED TS
ALV ALY

So01 weld leerrtance of avC wrlding) o ProftcIron weld P

(rrlTI
ALRAOLVLE ALY

WIXFEF D FITR
LTS AWV

———

Supplementary symbols

Supplementary symbols may be used when a specific externat weld profile is required.
They are used in conjunction with the relevant elementary symbol.

Sthape of weid surfecs

{a) fat (usually finished flush)

(b} convex

{c] concave

S — S ——

Position of symbols

The symbols are used in conjunction with an arrow line and a reference line.

) 2 3
\ 6’ fbove Line other side. .
below Line orrou side.
Joim-\

1 is the arrow line

2 is the reference line
3 is the symbol

The position of a weld in a particular joint relative to the parts being joined is
indicated by the head of an arrow, this denotes the reference side of the joint. The
side nearer the arrow head is known as the arrow side; the remote side is known as
the other side.

© Ruane & T F O'Neill W12-2

lawe | 25M0L4
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m The position of the arrow line with respect (o the weld is of no significance, except in
the case of joints in which only one part is peepared, in this case, the arrow must point
towards that part.

The symbol positioning relative to the reference linc is shown in the following table:

Table 4. Position of the symbol®

eptrotinn Grapiic repramentatisn

Below the reference line if the external
wwriace of the waid {weld face) it on the
arrow tide of the joint.

Abowe the raferenca Line if the external
surface of the weld {weid facel 11 on the
other side ol the joint,

LA NN

% A \\\m\
YA N

4 ‘Acrens the reference line wn the case ol
welds made within the plane of the joint

T

Dimensions

Any dimension relating 10 the cross-section of the weld must be given on the left hand
side of the symbol; longitudinal dimensions musi be given on the right hand side of
the symbol: distances between adjacent weld eclements must be indicated in
parenthesis.

Butt welds are intended 10 be continuous and have full penetration along the entire
length of the joint, unless dimensional detail specifies otherwise.

Fillet welds are intended to be continuous along the entire length of the joint, unless

dimensiona! detail specifies otherwise. The cross sectional ditmension indicated for a

fillet weld is refering to the leg length. When it is also desired 1o indicate the design

throat thickness, then the leg length dimension is prefixed with the letter b: the design
" throat thickness dimension is prefixed with the letter a.

@ Huane & T F O'Neill
faue | 2SHING
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Complementary indications
Complimentary indications apply to the following:

¢  aperipheral weld-a weld atl round a joint,

e asite weld-not a shop weld.

e  non-destructive testing—othef than visual examination,
welding process—information regarding the welding process 10 be used is given
on the welding procedure sheet. When it is also desired to indicate the process

as part of the symbolic representation. the appropriate process number given in
BS 499 is placed within a Jfork at the end of the reference line.

Lise of rymbol for wie iy

an

Use of 1ymbot for periphersl weids Example of the indication of process Symbol Tor nondestructive 1emTing

2 tueay & T P LY el
boue 1 2liwlrs
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8S 499 : Part 2

Symbolc representation
\

+

e

Graphic representation

§_ as’ ", s/ ¢ /’w./ éww’

e R

SELL AN A (L ANNRKNANNNAN R TTTI
) A :

INustration

symbaol
{numbers
refer 10
table 11
Plug weld
Spot weld
Seam wald

Table 5. fconcluded)
Designation

|
.
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Table 6. Examples of combinations of elementary symbols

Desgnanon i THustration | Graphic representation Symbolic representation
symbol
tnumibaers

reled 1o i
1atMe 1)

| Bun weld
between
flanged
plates

i
1 5 |

I i ! T IRAEULI]
|

and backing
run

< 9

1-9

} .
! Square
! butt weld

||

welded from
both sudes

2 -2

PN

Singte-V
butt weld

\/ 3

and backing
run

7 9
3-9

trrt 0N

IN

Double-V
butt weld

\/ ?

(X weld}

3-3

Double bevel
butt weld

il/‘

(K wetd]
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Table 6. (concluded] -

e - . c— -1 .
Designation Hlustration Graphic repretentation ! Symbolic represontation
symbol
{numbers
v refer 10
. table 1}

Doubte-V
butt weld
with broad
root tace

Ys

5-95

Double-bevel
butt weid
with broad
root face

! Double-U
butt weld

Double-J
butt weld

P s

8-8

Single-V
butt wald

3

and singte-U
butt weld

WEINHEIN

Fillet weld

N _
and tillex \ RIS

weld

I HNTHITII
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5l 7. Examples of use of symbols for compound welds

e ————t

Designanion symbol Graphic representation Symbolic representation
tnumbers relnr 10 1able 1}

Single-bevel butt weld
with fillet weld
superimposed

4+ 10

Single-J butt wald with
tillet weld superimposed

|
r}

N

and with fillet weid
on root swde

~., 1o

g+10-10

Partial ponetration
single-bevel butt weld
with fillet weld
superimposed

and with fillet weld
on arrow side

bm

4+10-10

+t  dimensional requiren.ents see table 9.
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Table 8. Examples of combinations of elementa.y a supplementary symbols

No.

Symbol

llustration ‘ Geaphical representation Symbolic representat:on

- o —_—

<7

%&

M)

(AN

o

R HHL NS

R

IR RELARIENIY

I
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AMERICAN WELDING SOCIETY

Basic Welding Symbols and Their Location Slignificance

Back or Flange Flange
Backing Cormer Edge

RV VT
1L AN JL

Spot of
Peajection Stud Sesm

fF OV ®
Q /

Nol
used

Mot Not
wsed used

Not
vsed

=
E=
el

Scarl for
g Flare-Bevel Brazed Jol

_/ ——
A /4

Jther Side

Both Sides \ >'< \ I\ ) \(_ %\

o Arrow Sice Not Not Not
of Other Side
Signilicance AN used used used

Supplementary Symbols Location of Elements of 3 Welding Symbol

weld-All Melt- CT;I‘:“" Backing Finigh symbot Groove angie, nchuded

angle of countersnt
Around ™ | jneen | SPCET] Flush Contour symbot 16 plug welas

Roct opening: depth of lilling 1
for plug and siol welds Lengih of weid

—_j/ Piteh [carier-1o-cenler
Groove weid size spacing) of weids
Oepth of preparation; Freld weld symbo!
P

Vi P <~ e o F
' Specification, A & arrom g

PrOCESS, w
> Tro refgrence &no 10

cther reference —\ & a oot
S (E) g o-_.- L"" of joint Or Errow
Basic Joints T — i of joint

dentilication of Arrow Side and Qther Side of Joint

Butt Joint
| Arrow sida of josm i when reference Wetd-afl-around symbol
Arrow of \— Reference tine

wetding symbol Basic weid symbol Number ol spot, stud, or
or detail reference J projection weids

Elements in this ared
remain a3 shown when __J
12it anq BrOw are
reversod

Edgo Jolat Process Abbreviations

Wiers Drocess SbDrEviaLons are [0
be included w tha tail of the welding
symboi, reference is made 10 Yabie 1.

Designatron of Wetding and Altieg
Processes by Letters, of AWS A2 4-86

AMERIC AN WELDING SOCIETY, nc.
$50 M W Lekcune R, M, Florids 1118




STANDARD WELDING SYMBOLS

Typical Welding Symbols

Double-Fillel Welding Symbol

Chain Inlermiitant Fitlet Welding Symbaol

Staggered Intermittant Fille1 Welding Symbol

/-l.enqm

Omission indicates thal weld

Viets size —\

[l 4
e .

[ bal abrupt chang
in girection o as dimansioned

Pitch (distance
bolween centers]
of increments

k)
Lo
Sire _/

(length of leg)

-8
-

Pitch (distance
Detween conters)
of increments
5
: ]

(tengih of Leg) Length of increments

Plug Welding Symbo!

Backing Welding Symbot

Include angle of Pitch (distance
countersink batwoen Centers)
S:.u {diameter \' of weids
of hole at
ot} \ 1

Depth of fitung m inches
(omission indscates filling Is compiete)

n
2l
|

Spot Welding Symbol

Seam Welding Symbol

Size or Numbers ot walds
sirengtn /_

—\ L 7 Fien
RSW >—e——/"’ —
¢

Process

-

m
N Nusmber of studs

sevor :“"ng-““f"\ / pieh
i

Process

Square-Groove Welding Symbol

Single-V Groove Welding Symbol

Double-Bevel-Groove Weiding Symbol

CEV
H

\n_iew_/
sie Root opening

Depth of prepanation

va rvn fAgot
opening

Weld size —/ '\—Gmn angle

Weld dzo—\

m~
s
weid slzg —
Astow points towarnd
momber (o be prepared

Symbol with Backgouging

Flare-¥ Groove Welding Symbaol

Depth of

preparation —\

Flare-Bevel-Groove Welding Symbol

w{—weldthl

Multiple Relerence Lines

1st operation on line
neanest arrow

2nd operation

3rd operalion

/7

TN

Edge Flange Welding Symbol

M4+ vl

- \—mmmm
of tangency

Flash or Upsel Welding Symbol

Joint with Backing

| m""""“/
=

EAR

"
cemoved afier welding

Jolnt with Spacer

Convex Contour Symbol

With modified groove weld symbol

N~

Double bevel groove

—

-

“H shoutd b8 Wh3eI0od That thene charts ire intended Only 13 thop sids Trw only complete and ofticial




s Carieloner alngne e pndet?

s tror o grabnd .H‘ql-: o tenptle stk

fva pluy vweitds,
Famal oagne-ineg fhegt- ol I-Ihng .

fOe pahag] A1 e vofelods

(iroove weld size Lengit of weld
Paach {Cenics 10 (et
Depih of preparaton, su2e o spacingl of welds
~trengih for certan welds
Fueld weld svmhot
Specificanon, process.
Arrgw connecnng
A¥ ( E )A — relerence kne 10

or ather reference \
\r aregw side member o

Ta.IN/ JOM OF B1rOw Sede
ol orm
{Tal omuted o
nen reference
not used} Weld all-grourid symbot

(N) | S—

Number of spot. sTud of
projection welds

|

OTHER
SIDE

{BOTH | SIDES|
I

ARRQW
SIDE

Basic weld symba!
or deial reference

Elemenis i 1his
area reman as
e s hOW A Whi@ N 1 38— "]
and arrow are

reversed

Figure 3 — Standard Location of Elements of a Welding Symbo!

3...1 Fillet, Groove, and Flange Weld Symbols. For /
\ese symbols, the arrow shall connect the welding sym- \

. . i > RSW L N -
ot eference line to one side of the joint, and this side / ) \

JRSEW

be considered the arrow side of the joint. The side
pposite the arrow side of the joint shall be considered
1¢ her side of the joint {(sce Figure 5).

~.1.2 Plug, Slot, Spot, Projection and Seam Weld l
ymbols. For these symbols, the arrow shall connect the
‘¢ symbol reference line 1o the outer surface of one of 3.2 Location of Weld With Respect 1o Joint
% oint members at the center line of the desired weld. ]
‘he member toward which the arrow points shall be 3.2.1 Arrow Side. Welds on the arrow side of the
o idered the arrow side member. The other joint joint shall be specified by placing the weld symbol below
+_1ber shall be considered the other side member (see  the reference line (see 3.1.1). _
“igures cited in scctions 6 1o 9 inglusive). J
1.3 Symbols with No Side Significance. Some weld ,ﬁ :
y bols have no arrow side or other side significance, l/ /\

ilthough supplementary symbols used in conjunction
»*h them may have such significance (sec 8.1.2, 8.1.4, }\ \/

i Tables | and 2).




6

) 1.2.2 Other Sade. Welds on the other s ol the o
s il he speciticd My placing the weld symbaob abose ih
1 erence line G TN

N N/

e
V<

1.2.3 Both Sides. Welds on both sides of the joint
hall be specified by placing weld symbols both below
and above the reference line (see 3.1.1).

3.3 QOrientation of Specific Weld Symbols. Fillet, bevel-
groove, J-groove, flare-bevel-groove, and corner-flange
weld symbols shall be drawn with the perpendicular leg
always to the left. '

1.4 Break in Arrow. When only one member of a joint
is to be prepared, the arTow shall have a break, and point
toward that member (sec Figure 6). Ifitis obvious which
member is to be prepared or there is no preference as to
which member is 1o be prepared, the arrow need not be
broken.

K
NV

1.5 Combined Weid Symbols. |'ur]0l|ll'~quU"'“F““""
than one weld s pe i symbaol hall he used o specily cavh
weld (see Figaie

P A 4
b

y,
-
/

1.6 Multiple Reference Lines

1.6.1 Sequence of Qperations. Two or more refer-
ence lines may be used 10 indicate a sequence of opera-
tions. The first operation is specified on the reference hine
nearest the arrow. Subsequent operations are speaificd
sequentially on otber reference hnes

Vs
A
e

3rd Operation

2nd Operation

s\
/
N/
v

1.6.2 Supplementary Data. The tail of additional
reference lines may be used 1o specify data supplemen-
tary to welding symbol information. :

Process Data

\ (Co. Std.)

3.63 Examination Information. Examination infor-
mation may be shown cnan additional reference line, as
described in Part C, or in the1ail.




Desoed welds

Symbot

(D) Double square-groove with double fillet welds

Figure 7 (continued) — Combination of Weld Symbols

3.6.4 Field Weld and Weid All-Around Symbols.
When required. the weld- (or examine-) all-around sym-
bol shall be placed at the juncuon of the arrow line and
eference linc for cach operation to which itis apphcable.
“he field weld symbol may also be applicd to the same
location.

N

2./ Field Weld Symbol. Field welds (welds not made in
a shop or at the place of initial construction) shall be
-pecified by adding the ficld weld symbol. The flag shall
e placed above and at a right angle 10 the reference line

at the junction with the arrow.

¥

PEVAN

3.8 Extent of Welding Denoted by Symbols

3.8.1 Weld Continuity. Unless otherwise indicated,
all welds shall be continuous and of users siandard
roportions.

3.8.2 Changes in the Direction of Welding. Svmbols
only apply between any changes in the direction of weld-
ing, or to the extent of hatching or dimension lines (see
Figure ). except when the weld-all-around symbol is
used [see Figure 9(B), (C), (D). and {E}). Addiuonal
welding symbols or muluple arrows shall be used to
specily the welds required for any changes in direction.
When it is desirable to use multiple arrows on a welding
symbol, the arrows shall originate from a single reference
line [see Figure 9(A)] or from the first reference line in
the case of a multiple reference line symbol.

3.8.3. Hidden Members. When the welding of a hid-
den member is the same as that of a visible member. it
may be specified as shown below. If the welding of a
hidden member is different from that of a wisible
member, specific informaticon for the welding of both
shall be specified. If needed for clarification, auxilliary
illustrations or views shall be provided.

2 Angles

' 506 [N\ 2/ Tymear
5716 l/ P \bmh angtes

3.8.4 Weld Location Not Specified. A weld. with a
tength less than 1he available joint length and not critical




14

separchng location, ma he specsficd withoul indicauny
the tocation ax shoswr i Figure Xrin

8.5 Weld Location Specified. \ weld. with a length
less than the available yownt dength whose lacanon »
sigmficant, shall have the location speciied on the draw -
ing [see Figure 8(Ch]

3.9 Weld-All-Around Symbal

3.9.1 Welds in Multiple Directions of Planes. Acon-
linuous weld, whether single or combaned type, extend-
ing around a series of connected joints may be specified
by the addition of the weld-all-around symbol at the
junction of the arrow and reference line. The series of
joints may involve different directions and may lie 1n
more than one plane [see Figure 9(B).(C).(D), and (E}].

39.2 Circumferential Welds. Welds extending around
the circumference of a pipe arc excluded from the
requirement regarding changes in direction and do not
require Lthe weld-all-around symbol to specify acontinu-
ous weld

3.10 Tail of the Welding Symbol

3.10.1 Weldingand Allied Process Specification. The
welding and allied process 1o be used may be specified by
placing the appropnate letter designations from Table 1
or Table 2in the tail of the welding symbol. An auxiliary
suffix from Table 3 may be used. (Tables are at theend of
lext.)

/GTAW-AU
e N

3.10.2 References. Specifications, Codes or any other
applicable documents may be specified by placing the
reference in the tail of the weiding symbol. Information
contained in the referenced document need not be
repeated in the welding symbol.

—>

3.10.3 Welding Symbols Designated “TYPICAL".
Repetitions of identical welding symbols on a drawing
may be avoided by designating a single welding symbol
as typical and pointing the arrow to the representative
joint. The user shall provide additional information 10
completely identify all applicable joints.

e

1.10.4 Designation of Special Types of Welds. When
the hasic weld svmbuls ar snadequate 1o indicate the
desired weld. the weld shall be specified hy i cross sec-
Lon. detail, or othes datawntia reference theretoin the
unk of the welding syinbol This may he necessary o
kewed joints (sce 4 11 and § N

L

No 52

N
X

\

3.10.5 Omission of Tail. When no references arc
required, the tail may be omited from the weiding
symbol.

AN

Vv ~

3.10.6 Drawing Notes. Drawing notes may be used
1o provide information pertaining 1o the welds. Such
information need not be repeated in the welding symbols.

3.11 Contours Obtained by Welding. Welds to be made
with approximately flush, flat, convex, or concave con-
tours without the use of mechanical finishing shall be
specified by adding the flush. flat, convex, or contour
symbol to the weld symbol. '

3.12 Finishing of Welds

3.12.1 Contours Obtained by Finishing. Welds to be
mechanically finished approximately flush, flat, convex,
or concave shall be specified by adding both the appro-
priate contour and the finishing symbol.

3.12.2 Finishing Methods. The following finishing
symbols may be used to specify the method of finishing,
but not the degree of finish:

Mechanical Methods:

~— Chipping
— Gnnding
— Hammering
— Machining
— Rolling




1.2.1 Finishing Method U nspecified. Welds o b

ahiesd appraximiatelt Mush that, conves, Of comeaie

i he micthod unspeaiied Jualh he audwated by addine
ter b T 10 the appropratc centow swmbuol

i1 Melt-Through Symbol. The melt-through symbol
hall be used only when complete root penetration plus
~ Sle root reinforcement s required in welds made
e 1 one side (sec Figure 10)

1,111 Meh-Through S_\-mbull f.ocation. The mel-
sueh sumbol shall be placed on the side of the refer-
-t hine npposie the weld svmbol 1sec Figure 10)

3.13.2 Melt-Through Dimensiuns. I'he height of root
(e lorcement may be specified by placing the required
d sension o the lefy of the meli-through symbol (sec
Figure 10) The height of root reinforcement may be
u pecified

3..4 Meli-Through with Flange Welds

3.14.1 Melt-Through With Edgg-FlgngeWelds. Edge-
f nge welds requiring complete joint penetration shall
be specified by the edge-flange wetd symbol with the
meit-through symbol placed on the opposite side of the
\ ‘erence line. The same welding symbol is used for
j..1nts either detailed or not detailed on the drawing (sec
Figure 10).

3.14.2 Meh-Through With Comer-Flange Welds. Cor-

. ~-Nange welds requinng complete joint penctration

snall be specified by the corner-flange weld symbol with

¢ melt-through symbol placed on the opposite side of

ie reference line. A broken arrow shall point to the

member to be flanged where the joint docs not give this
" \Wformation {see Figure 10).

15 Method of Drawing Symbots. Symbols may be
drawn mechanically or frechand. Symbols intended to
ippear in publications or to be of high precision should

se drawn with dimensions and proportions given in

Appendix A.
Oy

3.16 U.S. Customary and Metric Units. The same sys-
tem that is the standard for the drawings shall be used on
welding symbols. Dual units shall not be used on welding
symbols_Ifitis desired 10 show conversions from metnc

10 U.S. customary, Or VICE Versa, a table of conversions

" 15

iyt ngluded on the drawang b sidaie FIRUE
e anndatdsclerenee s e 10 e ANSEY 13 fFhan
e Vel Fo guui.uwr-mlh\' T RS AT SR
et totee s made o VWS ALl Vet Praciie.
foor ctee W eldime fchisiry

i |Mhll‘

4. Groove Welds

1.1 General

£.1.1 Single groove dimensions. Groove weld dumen-
wons shall be speafied on the same side af the reference
hne as the weld symbol {see Figure 11{A) and (F1]

(l,\
*711—J

16

NN\

11.2 Double-Groove Dimensions. Each groove of a
double-groove joint shall be dimensioned: however, the
root opeming need appear only once (see Figure 12).

a5

\ 3/XIB/

60°

4.1.3 Broken Arrow. For bevel-groove and J-groove
welds. a broken arrow is used, when necessary, 10 iden-
tify the member 1o be prepared (sce 3.4)

AN

/SR

4.2 Depth of Preparation and Groove Weld Size of
Groove Welds

4.2.1 Location. The depth of groove preparation.
S. and size (E) of a groove weld when specified, shall




Desired weld

Groove weld symbol showi

ng use of combined dimensions

Note:
R = Groove radius

Figure 12— Application of

be placed to the left of the weld symbol (see Fig-
ures 11-16).

/P ON

Z
0.25 /\

/ € /N - ,ﬁuzst / "\

1/4 {3/4)

/4 mﬂ< >

’ﬁm/\

Dimensions to Groove Weld Symbols

symbol for single-groove

and symmetrical double-groove welds, complete joint
penetration is required [sec Figure 11(D) and ®}

Ve )

P

'423 Joints with Partial Penetration, Size of Groove

Weld Specified, Depth of Preparation Not Specified.
The size of groove weids that extead only partly through




the yomnt shall be specilied i pasemtie -, o the welding

svmbol [~ee Figare ey o0 e e}
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4.2.4 Welds with Complete Joint Penetration, Size of
Groove Weld Specified, Depth of Preparation Not Spe-
cified. Ihe size of nonsymmelna! groae e welds that

Jextend completely through the yjnr <t he specitied in
fraremtheses on the weld ssmbolisee toves 15

4

/ i3 8
J

4.2.5 Depth of Preparation Specified. Size of Groove
Weld Specified Elsewhere. A dimension neot in paren-
theses placed to the left of bevel-. V- ). or U-groove
weld symbol indicates only the depth oi preparation.

/314/\

4.2.6 Depth of Preparation and Size of Groove Weld
Specified. Except for square-groove welds. the groove
weld size *(E)™ in relation to the depth of groove prepara-
tion “S™is shown as “S(E)" 10 the lelt of the weld svmbol.
“E™ only is shown for the square-groume weld (see Fig-
ures 13, 14. 16, and 19).

12 nm/\\

1/4 (3/8)

19

4.2.7 Joint Preparation Not Specified, € omplere Jaim
Penetration Required. Ophional gent poopanad cnow o
centplete ot penctiataon roeguned sopeooiad oo
aig the lettens “C TP inhe tnbatals aies aendaes oo

the weld svmbol tsee Tigre 17)

/

4.2.8 Joint Penetration Not Specified. Size of Groove
Weld Specified. For opuonal pnnt preparation, the
vroove weld size may be specified by placing the dimen
sion “{E)7 on the arrow side or other side of the referena
hine as required. but amtning the weld svmbal e He
ure I8

a s
s

1.2.9 Flare-Groove Welds. lhe duimension "S7
Nare groave welds s considered as extending only to the
tangent point indicated below by dimension lines 1w
Figure 19).

Flare-bevel-groove Flare V-groove

4.3 Groove Dimensions

4.3.1 Root Opening. The rom opening of groove
welds shall be specified inside the weld symbaol and onh
on one side of the reference line (sec Figure 20).

N




Desired weld

(A}

Desred weld

8

Figure 17 — Complete Joint Penetration Required, Joint Preparation Optional

4.3.2 Groove Angle. The groove angle of groove
welds. shall be specified outside the weld symbol (sce

Figure 21).

0
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4.3.3 Radii and Root Faces. The groove radii and
root faces of U- and J-groove welds shali be specified by
a cross seclion, detail, or other data, with reference
thereto in the tail of the welding symbol (see 3.10).

s\
N
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4.4 Contours and Finishing of Groove Welds

4.4.1 Contours Obtained by Welding. Groove welds
that are 10 be welded with approximately flush or convex
faces without postweld finishing shall be specified by
adding the flush or convex contour symbol to the weld-
ing symbol (sec Figure 22).

N X
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4.4.1 Contours Obtained by Postweld Finishing.
Groove welds whose faces are 10 be finished flush or
convex by postweld finishing shall be specified by adding
both the appropriate contour and finishing symbol to the
welding symbol. Welds that require a flat but not flush
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the rectangle need only appear on the reference hiw
nearest to the arrow {see Figure 24(B) and (C)] Mate
valiund dimensions of the spacer shall be specified in ihe
tail of 1the svmbol or on the drawing.

FEX

Double-ngtoc.we

. 178 %172
SAE 1020

Double-bevel-groove

>TE~\

Double-J-groove

Doubie-U-groove

4.8 Consumable Inserts. Consumable inserts shall be
specified by placing the consumable insen symbol on the
side of the reference linc opposite the groove weld sym-
boi. The AWS consumable insert class shall be placed in
the 1ail of the symbol (for insert class see latest edition of
AWS A5.30).

3 2

N/

G
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4.9 Groove Welds with Back Gouging. A joint requir-
ing complete peneiration involving back gouging may be
specified using cither a single or multiple reference line
symbol. That welding symbol shall include a reference to
back gouging in its tail and {1) in the case of assymetrical
groove welds must show the depth of preparation from
cach side [see Figure 25(A) and (B)], together with
groove angles and root opening, or (2) in the case of
symetrical groove welds, need not include any other

information except the weld symbo} [sce 4.2.2 and Fig-
ure 25(C)], with groove angles and root opening.

4.10 Seal Welds. When the intent of the weld is to fulfill
a sealing function only, the weld shall be specified in the
tail of the symbol as a seal weld.

Aeal
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4.11 Skewed Joints. When the angle between the tusuin
1aves 1s such That the entdication of the weld 1ype ang
hence, proper weld svmbalis in guestion, the detarl of the
desited ot and weld configeration shall be shown e
the drawing

5. Fillet Welds

5.1 General

5.1.1 Dimension Location. Dimensions of fillet welds.
shall be shown on the same side of 1he reference line as
the weld symbol (see Figures 26 28)°

114 Rz-s /

/ 5/16 [/a

w N A

174 l/

5.1.2 Double Fillet Welds. The dimensions of fillet
weids on both sides of a joint shall be specified whether
the dimensions are identical or different.

5.1.3 Drawing Notes. Dimensions of fillet welds
covered by drawing notes need not be repeated on the
welding svmbols in accordance with 3.10.6.

N
VA Z

5.2 Size of Fillet Welds

5.2.1 Location. The fillet weld size shall be specified
to the left of the weld symbol (see Figure 26).

/ V4 [\

3116 [/ /

\ 5/16 [\
5/16 l/

5.2.2 Unequal Legs. The size of a fillet weld with
unequal legs shall be specified to the left of the weld
symbol as shown below. Weld orientation is not speci-




wrface. requre an explianaten ok the Ll ot the

welding sumbut tsee 3 12

4.5 Back and Backing Welds

4.5.1 General. The back and hachmy weld svmbols
are idenical The sequence of welding determines which
designanion applies. The hack weld 1 made afier the
groove weld and the backing weld 15 made butoee the
groove weld (see 452 and 433

4.5.2 Back Weld Symbol. The back weld symbol
placed on the side of the reference line opposite a groove
weld symbol. Whena single reference line 15 used. “back
weld™ shalt be specified in the tail of the symbol. Alter-
nately. if a multipie reference line is used. the back weld
symbol shall be placed on a reference line subsequent L0
(he reference line specifying the groove weld [see Figure
23(A}). '

ﬁack
Y\'eld

VA

4.5.3 Backing Weld Symbol. The backing weld sym-
bol is placed on the side of the reference line opposite 2
groove weld symbol. When a single reference line isused,
“backing weld " shall be specified in the tail of the arrow.
if a multiple reference line is used. the backing weld
symbol shall be placed on a reference line prior 1o that
specilying the groove weld [see Figure 23(B) and (O]

Para

“*

Backing

/s

K}

4.5.4 Contour and Finishing of Back or Raching
Welds

1541 Contours Obtained by W ciding. Bacn o
hucking welds that are (o he welded with approsaatei
fiush or conves laces without postweld Tiishimg shall by
peaified by adding the flush or contes contout svithal
to the back or backing weld symbol tsee 310

NN o

s Weld

———

o

\ Van

4.5.4.2 Contours Obtained by Postweld Finishing.
Back or hacking welds that are 10 he Tinished appross-
mately Hush or convex by postweld finshing shall be
specified by adding 1the appropridte cantour and hoishe
ing symbols 10 the pack or backing weld symbul (ce
12,1 Welds that require 3 1lat but not flush sartace.
require an explanatory noic in the tail of the svmbl

\ \/ Jﬁackmg

N
= \Weld

7‘G\_ jl’lﬂd
\’-131

4.6 Joint with Backing. A joint with backiny s specified
by placing the backing symbol on the side of the refer-
ence line opposite the groove weld symbol. If the backing
is to be removed after welding, an “R " shall be placed 1n
the backing symbol {see Figure 24(A)]. Material and
dimensions of backing shall be specified in the tail of the
symbol or on the drawing.

j!dxl

1 N/
[ /\ \ASG/

Le]

4.7 Joint with Spacer. A joint witha requircd Spacer 15
specified with the groove weld symbol modified to show
a rectangle within it. In case of multipte reference Lines.




ZAF

Desired weld

Symbo!

{C) Symmetrical groove welds with back gouging.

Figure 25 (continued) — Groove Welds with Back Gouging

fied by the symbol and shall be shown on the drawingto
ensure clarity [see Figure 26(D)].

I‘Mm * JIBIV J_ula x 3m|/
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5.3 Length of Fillet Welds

5.3.1 Location. Thelength of a fillet weld, when indi-
cated on the welding symbol, shall be specified 1o the
right of the weld symbo! [see Figure 26(F)1.

A N\

l/e

N\ 10
STV

5.3.1.1 Full Length. When afillet weld cxtends for
the full length of the joint, no length dimension nced be

specified on the welding symbol [see Figure 26(A), (B),
(C), (D) and (E)].

5.3.1.2 Specific Lengths. Specific lengths of fillet
welds, and their location, may be specified by symbols in
conjunction with dimension lines [see Figures 8(C) and

26(F)].

5.3.1.3 Hatching. The extent of fillet welds may be
specified graphically by hatching.

5/16 l/ \

™

l—s

5.3.2 Changes in Direction of Welding. Symbols for
fillet welds involving changes in the direction of welding
shall be in accordance with 3.8.2 [sec Figure 3(A)).

5.4 Intermittent Fillet Welds

5.4.1 Pitch. The pitch of intermittent fillet welds shall
be the distance between centers of increments on one side
of the joint (sce Figure 27).




5.4.2 Pitch Dimension Location. [he pitch ol nter-
mmtient fillet welds shall be speciticd 1o the night of the
length dimension lollowing a hvphen (e Figure 27).

Nas 7

/’ V 3-7

5.4.3 Chain Intermittent Fillet Welds. Dimensions
of chain intermittent fillet welds shall be specified on
both sides of the reference line. The segments of chain
intermitient fillet welds shall be opposite one another
across the joint [see Figure 27(B)}.

[\ 2-5 J [\4-6
l/ 2-5 [ l/ 4-6

5.4.4 Staggered Intermittent Fillet Welds. Dimen-
sions of staggered intermittent fillet welds shall be speci-
fied on both sides of the reference line, and the filler weld
symbols shall not be directly opposite across the refer-
ence line. The segments of staggered intermitient fillet
welds shall be symmetrically spaced on both sides of the
joint as shown in Figure 2H{C).

N e

4-7
V 4-7

N
V 3-5
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5.4.5 Extent of Welding. In the case of intermittent
fillets, when additional welds are intended at the ends of
the joint, they should be specified by scparate symbols
and dimensioned on the drawings. When no welds are
intended at the ends of the joint, the unwelded length
should not exceed that specified by the symbol and
should be so dimensioned on the drawing,

5.5 Fillet Weldsin Holes and Slots. Fillet weldsin holes
and slots shall be specified by the use of fillet weld
symbols {see Figure 28(A)].
5.6 Contours and Finishing of Fillet Welds

5.6.1 Contours Obtained by Welding. Fillet welds
that are to be welded with approximately flat, convex, or

concave {aces without postweld finishing shali be speci-
fied by adding the flat, convex, or concave contour

3g

symbol to the weld svmbol in accordance with 1he loca-
tion conventions given in L1

N

VY Z

N-
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5.6.2 Contours Obtained by Postweld Finishing. Fil-
jet welds whose faces are to be finished approximately
fiat, convex, or concave by postweld finishing shall be
specified by adding both the appropriate contour and
finishing symbol to the weld symbol (sce 212 1)

5.7 Skewed Joints. When the angle between the {usion
faces is such that the identification of the weld type and,
hence, proper weld symbol is in question, the detail of the
desired joint and weld configuration shall be shown on
the drawing.

6. Plug Welds
6.1 General

6.1.1 Arrow-Side Holes. Holes in the arrow-side
member of a joint to be plug welded shall be specified by
placing the weid symbol below the reference line [see
Figure 29(A)).

e




42

6.1.2 Other-Side Holes. Holesin the ather-side mem-
ber ol a punt o be plug welded shail he specificd by
placing the weld symbol above the relerence hine [see
Figure 23 1)]

|

Symbaols

6.1.3 Dimensions. Dimensions of plug welds shall be
specified on 1he same side of the reference line as the weld
symbol (see Figure 30).

1./

/2%]5

6.1.4 Fillets in Holes. The plug weld symbol shall
not be used to designate fillet welds in holes (see 5.5).

6.2 Size of Plug Welds. The size of a plug weld shall be
specified to the left of the weld symbol [sec Figure 30(A},
(B), (E), (F). and (G)]. Plug weld size is the diameter of
the hole at the faying surface.

N

-

6.3 Angle of Countersink. The included angle of coun-
tersink of ptug welds shall be specified ¢ither below or
above the plug weld symbol [see Figure 30(B). (E). (F},
and {G)).

N N M
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6.4 Depth of Filling. When the depth of filling is less
than complete, it shall be specified inside the weld sym-

hot [see Figure 30(C) and (F)]. The amission of a depth
dimension shall specily complete hilhing.

~ N\ __[#]

6.5 Spacing of Plug Welds. The pitch {center-to-center
distance) of plug welds in a straight line shall be specified
to the right of the weld symbo! [sec Figure 30(D) and

(E)}).

1./
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The spacing of plug welds in any configuration other
than a straight line shall be dimensioned on the drawing.

6.6 Contours and Finishing of Plug Welds

6.6.1 Contours Obtained by Welding. Plug welds
that are 10 be welded with approximately flush or convex
faces without postweld finishing shall be specified by
adding the flush or convex contour symbol to the weld

symbol.
N
N[
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6.6.2 Contours Obtained hy Postweld Finishing. Plug
welds whose faces are 10 be finished approximately flush
or convex by post weld finishing shall be specified by
adding both the appropriate contour and finishing sym-
bol to the welding symbol (see 3.12.1). Welds that require
a flat but not flush surface, require an explanatory note
in the tail of the symbol.

G
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6.7 Joints Involving Three or More Members. Plug
welding symbols may be used to specifly welding two or




Melding and
allied processes
jhesive bonding
-« welding
atomc hvdrogen weldy
bare metel arc welding
carbon arc welding
gas
shiclded
(win
clectrogas
flux cored arc welduny
gas metal arc welding
pulscd arc
short circurling ar
gas tungsten arc welding
pulsed arc
plasma arc welding
shielded metal iwre welding
stud arc welding
submerged arc welding
scries
razing
arc brazing
block brazing
carbon arc brazing
diffusion brazing
dip brazing
flow brazing
furnace branng
induction brazing
infrared brazing
resistance brazing
torch brazing
other welding processes
glectron beam welding
high vacuum
medium vacuum
nonvacuum
electroslag welding
flow welding
induction welding
laser beam welding
thermit welding
oxyfuel gas welding
air acetylene welding
oxyacetylene welding
oxyhydrogen welding
pressure gas welding
resistance welding
flash welding
percussion welding
projection welding
resistance seam welding
high frequency

Designation of Wel

Table 1

1 ctier Welding and
designation allied processes

ABD induction
AW resistance spot welding
AHW upsel welding
BMAW high {requency
CAW induction
CAW-G soldering
CAW-S dip soldening
CAW-T furnace soldering
EGW induction soldering
FCAW infrared soldering
GMAW iron soldering
GMAW-P resistance soldenng
GMAW-S torch soldering
GTAW wave soldering
GTAW-P solid-state welding
PAW coextrusion welding
SMAW cold welding

SW diffusion welding
SAW explosion welding
SAW-S
B

forge welding
friction welding
AB hot pressure welding
BB roll welding
CAB ultrasonic welding
DFB thermal cutting
DB arc cutting
FLB air carbon arc cutting
FB carbon arc cutling
IB gas metal arc cutting
IRB gas tungsien arc cutting
RB metal arc cutting
TB plasma arc cutting
shieided metal arc cutting
EBW electron beam cutting
EBW-HV laser beam cutting
EBW-MV air
EBW-NV evaporative
inert gas
oxygen
oxygen cutting
chemical flux cutting
metal powder cutting
oxyfuel gas cutting
_ oxyacetylene cutting -
oxyhydrogen cutting
oxynatural gas cutting
oxypropant cutting
oxygen arc cutting
oxygen lance cutting
thermal spraying
arc spraying
Mlame spraying
plasma spraying

ding and Allied Processes by Letters

Letter
designation

RSEW-1
RSW
uw
UW-HF
Uw-1




Rusnesf - UNIT W13 8 ARC WELDING SAFETY

“ Arc welding safety can be divided into three areas:

1. proceciion against heat and light.
2. protection against etectrical shock.
3. protection against fumes and gases.

g______-_—/___——_

Protection against heat and light

Welding gloves and other leathers should be wom to protect against exposure (o heat
and sparks. In addition, no part of the body should be exposed to the ultraviolet light
'emitted by the arc, otherwise a condition similar to severe sunburn could occur.

Particular attention should apply to the protection of the eyes by the use of a filter
glass in accordance with BS 679 - Specification for filters, cover lenses and backing
lenses for use during welding and similar operations.

Occasional accidental exposurc o the eye can produce an extremely painful condition

g‘: f:ﬂ‘: ;}‘:‘;‘;"’c"l:’;g take Known as arc eye or flash, therefore the welding area should be screened to protect
wltraviolet and infra red other personnel. :

______—___-—_-__________———_—__—'——"

Protection against electrical shock

The voltage encountered with the majority of m.m.a. and tig. welding plant is
unlikely to exceed an o0.c.v. of 100 V. however, the electric shock hazard at this level
can be serious and a fow voltage safery device should be incorporated into the circuit
to protect the welder and other associated personnel. The lower voltage associated
with m.i.g/m.a.g. is unlikely to present a problem. [n all cases, the lower arc voltages
(welding voltages} are regarded as quite safe.

To reduce the possibility of electrical shock, a correctly wired welding circuit should
contain three leads:

e  a welding lead from one tenminal on the power supply unit 10 the electrode
holder.

o awelding return from the other tenninal on the power supply unit to the work,

®  an earth lead from the work to an earth point.

All three Icads shoutd be of a size capable of carrying the highest welding current

likely to be applied.

ﬁ

Protection against fumes and gases

Arc welding temperatures produce fume and dust particles which may be inhaled by
the welder. The extent to which these particles constitute a health hazard depends
upon their chemical composition. The maximum concentration to which a welder can

be exposed to any one subsiance is specificd as an occupational exposure limit as
defined in the COSHH regulations 1988 and the supplementary document EH40.

Particular note should be made of the degreasing solvent trichlorethylene which. when
exposed to cither heat or ultraviolet arc radiation, will produce phosgene gas.

Fume may be removed at source by local extraction or by inproving overall extraction
in a fabrication shop or by providing the welder with a positive pressurc welding
helmet.

O Ruwne & T P O'Neill
faane | VI/BLWS
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NOTES

UNIT Wide WELDING RELATED STANDARDS

Title

Methods for Vickers hardness tes!.

Welding terms and symbols.

Specification for covered carbon and carbon manganese sieel
electrodes for manuat metal-arc welding.

Methods of destructive testing fusion welded joints and weld
metal in stecl.

Specification for design and manufacture of water-ube steam
generating plant.

Code of practice for training in arc welding skills. (Tests for
use in training of welders).

Specification for filler materials for gas welding.

Specification for class [ oxy-acetylene welding of ferritic steel
pipework for carrying fluids.

Specification for low alloy steel electrodes for manual
metal-arc welding.

Specification for class [ arc welding of ferritic steel pipework
for carrying fluids.

Specification for class [{ oxy-acetylene welding of carbon steel
pipework for carrying fluids.

Specification for manufaciure of vertical steel welded
non-refridgerated storage 1anks with butl welded shells for the
petrolcum industry.

BS 2901

Filler rods and wires for gas-shielded arc welding,

BS 2926

Specification for chromium and chromium nickel steel
electrodes for manual metal-are welding.

BS 2971

Specificalion for class 11 arc welding of carbon sieel pipework
for carrving fluids,

BS 3019

TIG welding.

BS 3604

Steel pipes and tubes for pressure purposes: ferritic alloy steel
with specified elevated temperature properties for pressure
purposes.

BS 3605

Specification for seamless tubes.

BS 4165

Specification for electrode wires and fluxes for the submerged
arc welding of carbon sieel and medium-tensile steel

BS 4160

Specification for weldable structural sreels.

BS 4515

Specification for welding of steel pipelines on land and
offshore.

BS 4570

Specification for fusion welding of steel castings.

BS 4677

Specification for arc welding of austenitic stainless sieel
pipework for carrying fluids.

BS 4872

Specification for approval testing of welders when welding
procedure approval is not required.

BS 5135

Spevification for arc welding of carbon and carbon manganese
sreels. .

BS 5289

Cude of practice. Visual inspection of fusion welded joints.

BS 5465

Specification for clectrodes and fluxes for the submerged are
welding of austenitic stainless steels.

BS 5500

Specification for unfired fusion welded pressure vessels.

BS 6323

Specification for seamless and welded steel tubes for
awomobile, mechanical and general engincering purposes.

& Rumne £ T P O'Neill
Inswe | 28/01/94




Pkl

NOTES

U

Number

Title

BS 6693

Method for determination of diffusible hydrogen in weld
metal. :

BS 6990

Code of practice for welding on steel pipes containing process
fluids or their residuals.

BS 7084

Specification for carbon and carbon-manganese steel tubular
cored welding electrodes.

BS 7191

Specification for weldable structural steels for fixed offshore
structures.

BS 7418

Code of practice for isolation of the welding circuit in arc
welding plant.

BS 7570

Code of practice for validation of arc welding equipment.

PD 6493

Guidance on methods for assessing the acceptabitity of flaws
in fusion welded structures.

BS EN 287

Approval testing of welders {or fusion welding.

BS EN 288

Specification and approval of welding procedures for metallic
materials.

BS EN 10002

Tensite testing of metallic materials.

BS EN 10020

Definition and classification of grades of steet.

BS EN 10027

Designation systems for steel.

BS EN 10045

Charpy impact tests on metallic materials.

BS EN 10204

Metallic products-Types of inspection documents.

BS EN 24063

Welding, brazing, soldering and braze welding of metals.
Nomenclature of processes and reference numbers for
symbolic representation on drawings.

BS EN 25817

Arc welded joints in steel. Guidance on quality levels for
bnperfections.

BS EN 26520

Classification of impertections in metallic fusion welds, with
explanations.

BS EN 26848

Specification for tungsten electrodes for inert gas shielded arc
welding and for plasma cutting and welding.

AWS AS.1

Specification for covered carbon steel arc welding electrodes.

AWS A5.17

Specification for carbon steel electrodes and fluxes for
submerged arc welding.

AWS A5.4

Specification for covered corrosion-resisting chromium and
chromium-nickel steel welding electrodes.

AWS A5.5

Specification for low alloy steel covered arc welding
electrodes.

AWS B1.0

Guide for the non-destructive testing of welds.

AWSB2.1

Standard welding procedure specifications.

AWSB4.0

Methods for mechanical testing of welds.

AWSDI1.2

Structural welding code {aluminium).

AWS D109

Specification for qualification of welding procedures and
welders for piping and tubing.

. Rumne & T P OXNeill- -
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FEoel UNIT W15S ® FRACTURE ASSESSMENT

The CSWIP SWI examination will require the assessment of two fracture specimens.
The report must show/state the following:

any welding defects present;

the fracture initiation point(s) and their characteristics:

the main or primary mode of failure, e.g. fatigue;

any secondary mode of failure, e.g. brittle fracture:

whether the failure occurred in weld metal, parent metal or both.

Fractures in steels may propagate in one or more modes, dependant upon various
factors which may include:

type of stress - fensile. shear, impact, cyclic, combination;
speed of loading - high speed, medium speed, slow speed, very slow specd;
. temperature - high temperature, room temperature, low temperature;
d.  environment - air. corrosive, protected, e.g. oil.
The fracture mode itself may be either (1) ductile; (2) brinte: (3) fatigue.
(4) combination.

#

Ductile fractures _

Ductile fractures always show plastic defonmation usually at 45° angle to the load. the
surface will exhibit a rough. fibrous appearance. In low carbon steels under test.
e.y. tensile or bend. necking of the specimen will occur. Failure will usually be
associated with the formation of shear lips.

In tensile failures. the fracture surface may also show small dimples and peaks (cups
and cones}. these are caused by inclusions and voids.

A shear load would cause a fibrous fracture surface with well defined shear lips:
Compressive siress applied to a ductile steel wifl produce considerable metal spread
and edge cracking:

Note: Ductile fractures which occur under dynamic loading (impact) have a duli grey
appearance with extensive plastic deformation (shear lips) which would increase with
the toughness of the material.

& Kumve & T P OFNrill
aur | 8/04N4
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NOTES

#

Brittle fractures

Brittle fractures occur with little or no plastic deformation. In general, high levels of
stress and low temperature promote brittle fractures which may travel at very high
speed at 90° to the load causing the fonnation of vees or chevrons which point
backwards towards the point of initiation.

Brittle fractures which occur under dynamic loading, e.g. impact have a bright, shiny ‘ I
faceted or crystaliine surface.

#

Fatigue fractures

A fatigue fracture is basically a brirtle fracture but always develops from a flaw,
e.g. arc strike. undercut. inclusion etc. by small step propagation at 90° to the load
with an increasing acylic {arc} appearance on an otherwise smooth surface producing
the effect known as beach marking.
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Combination modes

Fracture surfaces may exhibit one or more of the previously described modes of
failure, e.g. fatigue, followed by either brittle or ductile failure. This is representative
of a static {gradually) applied load as in a CTOD test or may show both ductile and
brittle fracture modes as produced by dynamic (impact) loading as achieved for
example in a charpy test.
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BRITISH STANDARD METHODS FOR

NOTCHED BAR TESTS

Part 5. Determination of Crystallinity

FOREWORD

This British Standard has been prepared as part of the second revision of
B.S. 131, Parts {, 2 and 3 of the standard, dealing respectively with the [z.d,
Charpy V- and Charpy U- notch impact tests on metals, and Part 4, cover:ng
the calibration of pendulum impact tesling machines have already been
publithed.

The increasing use of percentage crysiallinity as one of the crileria ‘or
assessing the notch ductility of steel by means of notched bar tests has promp.cd
the issue of this standard, which assumes that a broken zod or Charpy-1cst
picce, having a cross-section of 10 mm x 8 mm below the notch, is to be
examined. The methods for estimating the percentage of crystalline fracture
are, however, generally applicable to any srea of fractured surface. When
fracture does not occur by cleavage, brittle areas may occur as the result of
Intercrystalline fracture or * fiat' fracturing. In such cases the distinction between
the crystalline and fibrous arcas may be less well defined, and expert interprewa-
tion may be required.

For notched bars other than stated in Clause 1, the methods of determination
desoribed in this standard may also be applied provided that the same definition
(see Clause 2) is used and suitable reference diagrams or control test pieces .wec
available,

It is emphasized that, for the purposes of this standard, the definition of
crystalline fracture is general and refers to that part of the fracture surfice
which has a bright sparkling appearance.

The standard Is not concerncd with the interpretation or significance of
crystallinity, which depends on the type of test, the material considered and the
application.

&f
METHODS
SCOPE
1. This British Standard describes methods for determining the percentage of
crystallinity in the fractures of notched bar test pieces of carbon, carbon-
manganese and low-alloy steel, with particular reference to test pieces of the
forms specificd in B.S. 131*, Parts 1, 2 end 3.

*B.S. 131, * Methods for notched bar tests !, Part 1, * The lzod impact test on metals ", Pa t 2,

* Cowrpy V-nolch tmpact test’, Part'd, * Charpy U-notch impact test*,

19¢




TERMINQLOGY

2. When 8 notched bar test piece of a metal is broken by bending, the individual
crystals may fracture cither by cleavage or by shear, and both modes may
occur in the same fracture.

In cleavage, the crysials fracture on crystallographic planes. which appear
as bright sparkling facets, giving the appcarance known as * crystalline ’

In the shear mode. the crystals elongate and deform, producing a silky
texture described as ‘ fibrous . . .

The ' percentage of crystallinity * is defined as the total area of the crystalline
portions of the fractured test piece expressed as a percentage of the orjginal
cross-sectional area of the test piece below the notch.

Example. For 8 Charpy test piece in which the cross-sectional area below

the notch is 8 mm x 10 mm, i.e. 30 mm?, if the total area of crystallinity

were 32 mm', the percentage of crystallinity would be M.M % 100 = 40 per

cent.
RECOGNTTION OF CRYSTALLINITY

3. The erystalline portions of the fractured surface can be distinguished visually
by their bright, sparkling appearance, particularly when viewed from several
angles under a point source of light, or by parallel light. An ordinary light
bulb is preferable to strip lighting, and a small, brilliant bulb in a parabolic
reflector gives the best practical contrast. The fibrous areas are characterized
by a relatively dull or sitky appearance.

DETERMINATION OF CAYSTALLINITY

4. The percentage crystallinity shall, in general, be estimated by one of the
following methods, but other methods agreed between the interested parties
are not precluded.

a. Direct visual estimation. In this method, the fracture of one half of the
broken test piece is cxamined (sec Clause 3) and the percentage crystallinity is
estimated cither by comparison with guide diagram- of the type shown in
Fig. 1, or by reference to a set of control test pieces for which the percentages
of crystallinity have been determined more accurately

b, Direct measurement, In this ao“:oa. the crystalline arcas are measured,
without magnification, by means of a scale marked in millimelres, or preferably
using a card having an opening graduated in millimetres, as indicated in Fig. 2.

¢, Measurement with magnification, In this method, the fracture surface is
viewed under low optical magnification (say x 10} preferably by means of an
optical projector or projection microscope. The crystalline area is traced on a
piece of paper and the area estimated, for example, by one of the following

procedures:
6

(i) by counting squares, il squared paper or a transparent graticute 15 used:
(i) by means of a planimeter:
(iii) by weighing the paper representing the crystaliine area on a suitable
balance.
Alicrnatively, the crystalline area is determined by the use of a graticule in
the eye picce of an ordinary monocular or binocular low-powered microscope.

NOTE. When there are several crysialline arcas, the aggregate arcd is 1o be used in calcutaling
the percentage. Smalt isotated cleavage facets may be ignored.

ACCURACY

5. For most purposes, an accuracy to +10 per cent crystallinity is adequate,
and this can usually be achicved by an experienced operator using the method
described in Subclause 4a.

When more accurate determinations are required, methods such as those
described in Subclauses 4b and ¢ should be used.

It is desirable that when methods a or b are used occasional checks should
be made by method ¢

PRESENTATION OF RESULTS

6. The results of determinations made in accordance with this standard shall
be reported as ' percentage crysialline * as defined by the foilowing formula:
Crystalline area
Original cross-sectional area
below the notch
The valucs obtaincd may be rounded to the nearest 5 per cent unless a specially
high degree of accuracy is required and is warranted by the method of determina-
tion used.

The method of determination (see Clause 4) shall be indicated.

If, for any reason, it is required lo report the results of determinations in
terms of * percentage fibrous *, such results shall only be derived by subtracting
the crystaliine area from the original cross-sectional area, 1.c.

Crystalline area
100 (1 == —— -
Original cross-sect ional arca below the notch

§

Percentage crystallinity = x 100

v per cent
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Aim of quality assurance

The aim of quality assurance is o improve quality whilst keeping costs to an
acceptable level.

The objective of a system used to implement quality assurance, i.c. a quality system, is
to prevent the occurrence of problems which result in remedial action. If problems do
occur the objective is to determine and rectify the root cause(s), thereby reducing faults
and wastage in the future. This will in turn, improve quality and reduce costs.

The emphasis is on prevention rather than detection and cure.

___—____—-—_____—___'.———-——_—

Benefits of adopting quality assurance
A properly implemented and managed quality system should:
a. help to ensure that the company focuses on market needs and requirements.
b. make the company more competitive in the market place due to an increased
customer confidence in the company’s output, i.c. a product or service that a

customer wants - this includes timing.
lead 10 a reduction of costs due to a reduced number of faults and wastage.
give a measure of performance which will enable any areas for improvement to

be identified.
induce a more organized way of thinking which makes management more

organized and effective.
provide motivation; motivated cmployees provide a better working
environment in addition to the product or service output benefits.

_____-———,'_—'-___—_————-__—

What is quality assurance?
The definition for quality assurance given in [SO 8402 : 1986 (BS 4778 : Part 1)
entitled Quality vocabulary:

‘Al those planned or systematic actions necessary (0 provide adequate confidence

that a product or service will satisfy given requirements for quality.’
The quality of a product or service is attained only by working in a controited manner,
following formalised procedures which are designed to climinate the occurrence of
problems.
Quality assurance provides the objective cvidence needed to give maximum confidence
for quality.
Quality assurance may be considered as a management tool when used within an
organization. A supplicr that implements and maintains a system for assuring quality,
is providing maximum confidence to a purchaser, or potential purchaser, that the
supplied product or service attains, or is going to attain, its fitness for purpose.
Different people have different concepts for what is meant by a fuality product or
service, therefore it is very important to be aware of the customers' requirements and/or
expectations.
Contract documents or purchasing specifications should clearly define a company’s
requirements for a product or service. The quality of the product or service is deemed
to have been achicved when the cxact requirements have been met completely and
consistently - assuming correct specification!

© ftuane & T P O'Neill
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UNIT QA1 ® QUALITY ASSURANCE
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' Scope of quality assurance ‘
Qualityasumnocshmﬂdencompassnllpansofanorganimlionandallphamofm
activity, i.c. planning, design, production, maintenance, administrative etc. in order to

urchaser, or potential purchaser, maximum confidence that the client's
for quality have been metl. Collaboration with suppliers and purchasers
should also be part of an orgnnizal.ionfs quality system. ‘

ﬁ

QA, QC and inspection compared l
Quality assurance is not inspection. Inspection is onc of the important elements within
a system for quality assurance. Inspection requires continuing evaluation in the same
way as the other elemeats, ¢.g. planning, design/specifications, production etc... i
Inspection is defined in BS 4778 : Part | as: *activities such as measuring, examining,
testing, gauging one or more characteristics of a product or service and comparing
these with specified requirements to determine conformity.'

Inspection is also defined in EN 45020 : 1993 : Glossary of terms for standardizatio
and related activities: "Evatuation for conformity by measuring, observing, testing or
gauging the relevant characteristics.! Evaluation for conformity is defined in the same
ctandard as: ‘Systematic examination of the extent to which a product, process of
service fulfils specified requirements.’

Quality control is defined in BS 4778 : Part | as: ‘the operational techniques and
activities that are used to [ulfil requirements for quality.” This definition can be vague,
so modifying the term to be more specific is advantageous, €.g. manufacturing quality
control.

Quality control is involved with the monitoring of a process and climinating the causes
of any deficient output of a process, or any phase during a contract, which has an effect
on quality. The information obtained from inspection, as defined above, is used for
quality control.

Quality control deals with the actual measurement of quality performance which is
compared against what is required and action is taken on the difference. Quality
control is asking the question, “is the work/action being performed correctly”?

Quality control docs not reach all elements which affect quality, e.g. quality control will
rarely do anything to correct problems relating to management, traceability, training
and staff motivation.

Quality assurance applies to all areas which have an affect on quality, and asks the
question, “has the work/action been performed corvectly™? This question can only be
asked after information has been obtained from quality control and all other
departments/areas which affect quality.

S ————

QA standards
BS EN 1SO 9000 series - Qualiry systems.

BS 4778 - Quality vocabulary.
[EN 28402; 1SO 8402)

BS EN 30011 - Guidelines for auditing quality sysiems.

© Ruane & TP O'Neill
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Normative docament: Document that provides rules, guidelines or characteristics
for activities or their results.

Note: The term normative document is a generic term that covers such documents
as standards, technical specifications, codes of practice and regulations.

{ISO Guide 2 & EN 45020]

Standard: Document, established by consensus and approved by a recognized
body, that provides, for common and repeated use, rules, guidelines or
characteristics for activities or their results, aimed at the achievement of the
optimum degree of order in a given context.

(1ISO Guide 2 & EN 45020]

Code of pructice: Document that recommends practices or procedures for the
design, manufacture, installation, maintenance or utilization of equipment,

structures or products.
Note: A code of practice may be a standard a part of a standard or independent

of a standard.

(SO Guide 2 & EN 45020]

Specification: The document that prescribes the requirements with which the
product or service has (o conform.

Note: A specification should refer to or include drawings, pattems or other
relevant documents and should also indicate the means and the criteria whereby
conformity can be checked.

[BS4778: Part 1]

Technical specification: Document that preseribes technical requirements to be

fulfilled by a product, process or service.
Note: A technical specification should indicate, wherever appropriate, the
procedure(s) by means of which it may be determined whether the requirements

given are fuifilled.
A technical specification may be a srandard a pan of a standard or independent

of a standard.
[ISO Guide 2 & EN 45020]
Regulation: Document providing binding legislative rules, that is adopted by an

authoriry.
Note: An authority is abody that has legal powers and rights.

[ISO Guide 2 & EN 45020]

Procedure (1}: Specified way to pcrform an activity.

[ISO B402 & [SO 10005]

Procedure (2): A written description of all essential parameters and precautions
to be observed when applying inspection or a test methed 10 a specific item or
quantity of items, following an established standard, code or specification.
{ICORR REQ 96}

Instruction: Provision that conveys an action to be performed.
[ISO Guide 2 & EN 45020] ]

Written instruction: A deuailed written description of the inspection(s) or test(s)

to be performed.
[ICORR REQ96]

© Rusne & T P O'Neill
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UNIT QA1 ® OVERVIEW

———————

Introduction _
What is quality assurance? Common perceptions include: fitness for purpose, the
requiremeat to get it right first time every time, good managemeat, etc.. Many one
liners are used to try and explain the meaning and relevance of quality assurance and
although many of these are useful in describing certain aspects of quality assurance,
they are not comprehensive enough or meaningful, to leave the layman with an
understanding of the subject.

The subject of quality assurance needs much greater analysis to understand fully its
meaning, aims and implications.

Quality assurance is a subject area which is often misunderstood and misused in
industry, mainly due to a lack of awareness and understanding through a lack of formal

training.

——————————————
Aim of quality aSsurdnce

The aim of quality assurance is to improve quality whilst keeping costs to an
acoeptable leveld

The objective of a system used 10 implement quality assurance, i.e. a quality system, is
to prevent the occurance of problems which result in remedial action. If problems do
occur the objective is to determine and rectify the root cause(s), thereby reducing faults
and wastage in the future. This will in turn, improve quality and reduce costs.

The emphasis is on prevention rather than detection and cure.

Benefits of adopting quality assurance

The benefits of quality assurance are now widely accepted in industry, however, there
are sceptics who assume a quality assurance system to be a massive financial burden
with nothing to show for it except a mountain of quality related paperwork or
information on computer disks which they cannot cope with! There are other sceptics
who accept that a better quality product or service is achieved, but again, at a greatly
increased financial cost to the company.

If a mouatain of paperwork has evolved it is likely that most of it is irrelevant, and the
relevant information could be collated more efficiently. The inauguration of a quality
system always costs money but if properly implemented the system should create a
monetary return.

A properly implemented and managed quality system should: -y

a.  help to ensure that the company focuses on market needs and requirements.

b. make the company more competitive in the market place due to an increased
customer coafidence in the company’s output, i.c. a product or service that a
customer wants - this includes timing.
lead to a reduction of costs due to a reduced number of faults and wastage.
give a measure of performance which will enable any areas for improvement to
be identified.
induce a more organized way of thinking which makes management more
organized and effective.
provide motivation; motivated employees provide a better working
environment in addition to the product or service output benefits.
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NOTES

designed. made, installed and

may casily be adjusted for contracts with less

List of contract phases: '

Bid enquiry and teader (including some planning at this stage).
Contract acceptance. ‘

Planning.

Design/specification.

Procuremeat (purchasing).

Production {manufacture/fabrication).

Final inspection and testing.

Packaging, storage and shipping.

Installation and operation/commision (where applicable).

R - R S

Handover to customer.

—
1

Technical assistance and maintenance.
Warranty (where applicable).
Disposal after use.

T
W~
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_ The defimuon for quahty a.t:umncc guren in ISO 8402 : 1986 (BS4778 : Part 1)
entitled Qualuy vooabulary' .

A 2 L or systematic actions neemry to provide ‘adequate
eonﬁdmumta prodnd or service will satisfy ﬂm requlrunents for .
J-"III‘I"# TS el ST - ’

Other dcfunuons or description of quality assurance encountered may include:

a. A management system designed to casure, or at feast give maximum
confidence that a product or service attains its fitness for purpose at minimum
(acceptable) cost, i.e. the product or service attains its intended attributes, but
no more and no less.

Integrated management systems that provide an assurance that the contractual
and legal obligations to the customer and the community are fulfilled.

¢. Good management.

d. Formalised common sense!

The quality of a product or service is attained only by working in a controlled manner,
following formalised procedures which are demgned to eliminate the occurrence of
problems.

Quality assurance provides the objective evidence needed 10 give maximum confidence
for quality.

Quality assurance may be considered as a management tool when used within an
organization. A supplier that implements and maintains a system for assuring quality,
is providing maximum confidence to a purchaser, or potential purchaser, that the
supplied product or service attains, or is going to attain, its fitness for purpose.
Different people have different concepts for what is meant by a quality product or
service, therefore it is very important to be aware of the customers’ requirements and/or
expectations.

Two main purchaser-supplier relationships exist: (1) those using a formal written
contract and (2) those which do not. In both situations, it is essential at the order stage,
that the contracting parties understand and agree the specific requirements for the
product or service to be supplied.

Contract documents or purchasing specifications should clearly define a company's
requirements for a product or service. The quality of the product or service is deemed
to have been achieved when the exact requirements have been met completely and
consistently - assuming correct specification!

Scope of quality assurance

Quality assurance should encompass all parts of an organization and all phases of an
activity, i.c. planning, design, production, maintenance, administrative etc. in order to
give a purchaser, or poteatial purchaser, maximum confidence that the client's
expectations for quality have been met. Collaboration with suppliers and purchasers
should also be part of an organization'’s quality system. See also the quality system
elements listed in Unit QA4.

It is interesting to note that the National/International Standards whiich give models for
quality systems, do not encompass quality related costs or product safety and reliability.
However, this does not mean to say that quality costs, safety and reliability are not
considered in relation to quality., These areas and others not identified in
National/International Standards may, and should, still be part of an organizations
quality system.
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UNIT QA2 ® QUALITY ASSURANCE DEFINED |

The significance approach to quality

The significance approach to quality assurance analyses and attempts to identify the
degree of control required to assure the guality of a product, service or process.

Too much control would produce unnecessary cost, too little may produce a reductios
or loss in quality, c.g. defective output.

The degree of significance is governced by:

a.  The requirements you are obliged to comply with, i.c. by law (statutory), b)l
other regulations (regulatory)}, or by contract.

b. The degree of necessity to be right first time, ie. there may not be th
possibility to maintain or rectify faults.
The consequence of failure: personnel safety; plant safely; commercial
implications; environmental impact.
The probability of failure based on: quality history, or lack of it; the complexity
of the product, service or process: any external influences.

Quality as&"'tfrai_ff 3 g;.:

a system' for quaf‘y assurance. pection requires continuing evaluation in the same

way as [hc other e[cmcns c.g. p!annmg. dwignfspcmﬁcauons production etc..
i ; % b 0 TR v
: icasuring,. cxammmg.
e el e .
‘ e

testing.” gauglngg
these wu.h spec:fiéf : 27 - .
lnspccuon :&2! LA PR AL oa::standard:zanan.
and reiarcd ac‘n‘ir‘u" 2 YN IO EonTormity. ‘ : ' s Bscrvmg tcsung or
gauging’ thc‘re Vit 3 ' vﬁncﬂ m}hc samc

L

standard ‘a8 Syslerr“f

oAl

scnucc fulﬁlrsisf oC
Quahty “conly e ﬁ_
activities th al am o ta’i

50 modlfymg the’ tcr:m' & b
control. §

ey

uality control isanval: fathie moritornte of a processand ¢
N e [&3 5 -. Py phase. durins 'i&ﬁﬁc ;whxch has an &ffec
on quaI:ty Thc information; ohta Yom inspection; as: e edﬁ&t_rgvc 1s used for
quality control.
Companson between quality conuol and quality assurance 1s 1more difficuei 0
because of different beliefs between experts. Assumptions are also made cegarding the
applicability of the term quality control, e.g.is it referring to manufacturing quality

contro! or company-wide quality control?.

Quality control deals with the actual measurement of quality performance which 1s
H
compared against what is rcq].lquvj?ﬁnd acgpaﬂ:gt&kﬁg\xgawgzgfgl’ffgspscv Quality

control is asking the question; forkfaction being performe grmed correctly™’

Quality control does not reach all cIcmcnls which affect quality, e.g. quality control will
rarely do anything to correct problems relating to management, traceability. training
and staff motivation.

Quality assurance appllcs to all areas which have an affect on quality. and asks the
question, "has the workfaCUGu wcd cun‘éctl}lig This question can only be

DN e e &,

asked after information” has“‘})ccn obtained from quality control and ali other
Jepartments/areas which affect quality.

zxplam
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UNIT Q

Quality management is defined in BS4778: Part 1 as: “That aspect of the overall

management function that determines and implements the quality policy.’

Quality assurance requires managing like other functions within an organization, such
as production, purchasing or inspection. Management of quality still involves planning,
the allocation of resources and evaluation.

Each element in a quality system requires management through documentation and
formalised structure.

{t is not the intent of National/International Quality Standards to tell managers how lo
manage or run their business. The intent of these Standards is to show which elements
need formalised management to attain quality.

The responsibility for the implementation and management of quality assurance within
an organization must be held by senior management. Certain responsibilities may be
delegated, but senior management must be ultimately responsible for quality assurance
to be effective. It is important to note however that all members of an organization
must have a commitment to quality and must participate accordingly.

The outputfinformation obtained from having a quality management system includes:

a. A writlen quality policy.

b. A description of the company organization.

c. The allocation of responsibilities for the main functions which have an affect
on quality. '
Standards to be attained within the company.
Management procedures for conducting business and the attainment of quality.

Decisions regarding guality and quality assurance.

#

Quality policy

Quality policy is defined in BS 4778 : Part | as: "The overall quality intentions and
direction of an organization as regards quality, as formally expressed by top
management.’

The company policy on quality within an organization must be decided before a quality
system is documented or managed. Quality systems may vary widely between different
organizations because of different quality objectives, different scopes of work and
different methods of working.

O Ruane & TP O'Nelll
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UNIT QA4 ® QUALITY SYSTEMS

SN

Quality system is’ defined ‘in. BS4778: Part | as, the organizational structure,

responsibilities, procedures, Pprocesses and resources for implementing quality
management.’ .

An organization's quality system is part of its total management system, but does not
exist as a separate entity. A quality system is integrated into most, if not all, of the
management systems - similar to your nervous system.

A quality system within an organization is implemented by the use of writlen
procedures which cover all those aspects which govem the final quality of a product or
a service. The quality manual is a document in which the quality system is referred to
as a whole. Reference is made in the quality manual to the relevant procedures to be
used to implement the system.

The quality system needs to be comprehensive enough to meet the quality objectives of
the organization. It is no good making a quality system so0 comprehensive and
complicated that it becomes impossible to manage and adhere to; this is just as bad as
having an oversimplified or incomplete system.

Quality systems and associated documentation should ideally be:

a. Simple.
Logical.
Clear.
Complete.
Concise.
. Correct.
g.  User friendly.
A quality system should produce records reflecting the true situation regarding quality.
The records will include audit results, minutes from reviews and any other analysis or
feedback with regard to the operation of the system. It is for management to asseSs
these records and act on them accordingly.

— ] S———

Quality system elements

A quality system should encompass all those areas which have an affect on quality.
These arcas may be referred to as the quality system elements. .

When any of thesc elements are present in a quality system standard, there is a
requirement for formality in their management.

Examples of quality system elements:

Management responsibility.

Quality system principles.

Auditing the quality system - intemal.

Economics - Quality-related cost considerations.

Quality in marketing (Conlract review).

Quality in specification and design (Design control).

Quality in procurement (Purchasing).

Quality in production (Process control).

Control of production.

Material control and traceability (Product identification and traccability).
Controi of verification status (Inspection and test status).

Product verification (Inspection and testing).

Control of measuring and test equipment (Inspection, measuring and test
equipment}.

Nonconformity (Contro! of nonconforming product). -

Corrective action.

Handling and post-production functions (Handling, storage. packaging.
preservation and delivery).

q. After-sales servicing.

r.  Quality documentation and records (Control of quality records).

g e e o0 o

0 Runne & TPO'NdII.
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Pussid UNIT QA4 ¢ QUALITY SYSTEMS

e i)
_ Product safety and liability.
Use of statistical methods (Statistical technigues).
Purchaser supplied product.
Note: The titles in parentheses are taken from clauses/sub-clauses in ISO 9001

ﬁ
Measurement and calibration system ‘ i

Overview l !
How does a supplier or a purchaser have maximum confidence that a product meets the

specified requirements in terms of its physical atiributes, e.g. correct dimensions,
correct mass, correct light intensity etc.?

Confidence is gained by using a calibration system to attempt to ensure that all
measuring equipment is accurate to within stated tolerances.

Y

A calibration system is necessary for a supplier to be assured of the correct
measurements of its own products. A calibration system is also necessary for
purchaser that wishes to verify conformance of the supplied product (assuming the
purchaser is not using a third party for verification).

Calibration system

A calibration system should ensure that all measuring equipment has the capability of
making measurements within defined tolerances. These tolerances must be appropriate
to the measuring equipment, ¢.g. it is not realistic to specify a 0.01 mm tolerance over
the length of a 1 m steel rule. ‘

A calibration system should attempt to prevent inaccuracies occurring, or at least
ensure that any deficiency in measuring equipment is detected before use.

A calibration system should allow time for any detected deficiencies to be corrected.
A calibration system should be reviewed periodically and systematically.

Traceability

In most circumstances, measurement standards and measuring equipment used should,
where possible, be traceable back to national or international standards. The
calibration system should provide the objective evidence that this is ultimately the case.

This does not mean to say that all measurement standards, e.g. weights for calibrating W2
balances, ultrasonic calibration blocks, density strips etc. need to be sent o an '
accredited calibration laboratory every three months or whatever. Providing the
traceability requirement is satisfied, intermediate standards which may not have been
directly referenced to national/international measurement standards may still be used.

Frequency of calibration
Where practical, all measuring equipment and calibration standards should be
identified to indicate their calibration status, e.g. by the use of labels or tags. Where it
is not practical to identify equipment in this way, the calibration procedure should
identify how the equipment is controlled to meet the specified requirements.
The frequency of checking and calibration depends on various factors:

a. Type of measuring equipment.

Amount and degree of use.

b.
c.  Purpose of measurement.
d.  Stability of measuring equipment.

© Rusne & T P O'Ndll
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ISECSISR | Caliretion records

' Calibration records should include the following information:

The description of equipment and unique identification.

The date on which each calibration was performed.

The results obtained from calibration.

The planned calibration interval and, where appropriate, the following
additional information:

The designated permissible limits of error.

The reference to calibration procedures.

The source of calibration used to establish traceability.

The environmental condition for calibration and the mecasurement data as
measured and as cormrected to reference conditions.

A statement of the cumulative effect of uncertainties on the data obtained in the

calibration.
Details of any maintenance (servicing, adjustment, repairs) ot modifications

that could affect the calibration status.
k. Any limitations in use.

#

Quality plans

Quality plan is dcfined in BS 4778 : Part | as, ‘A document setting out the specific
quality practices, resources and sequence of activities relevant to a particular product,

service, contract or project.’

A quality plan is 2 supplementary quality system document.

The purpose of a quality plan is essentially the same as that for an organizations guality
system except that it relates to a new product, service o7 process. ¢.g. a specific contract
or purchase order.

Quality plans may encompass entire projects - project quality plans, or be more specific
10 functions or phases within a project, €.g. quality control plans.

For example, a quality plan may be proposed, agreed and used, for: the radiographic
exarmination of weldments on certain pressure vessels, for painling inspecuion on a
particular vil rig, or for the erection of specific aerial towers eic..

#-—

Quality manuals and procedures

Quality manual is defined in BS 4778 : Part 2 as, ‘A document setting out the general
policies, procedures, and practices of an organization.’

‘The quality manual is the next stage after senior management have taken the decision
to implement a quality system and agreed a quality policy.

There is no universally accepted way for writing a quality manual or installing a quality

system because quality assurance standards do not stipulate how documentation should
be rationalized; the following text offers some guidance to promolc structured thinking.

The following scquence of operations may be used:
|. Document the existing organizational structure and responsibilities of key
personnel.

Document the existing procedures from the reccipt of orders through to handover
to the customer or beyond if necessary.

Analyse the existing system, compare with the requirements and document any
proposed amendments.

Decide on the number of quality document tiers necessary lo achicve objectives.

O Raane & TP O'Nel . QA4'3
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It is often preferable for a
suitable representative
from the organisation who
is closely involved with a
specific activity to produce
the lower tier procedures
and/or work instructions,
or at least produce draft
versions, ¢.g. how lo use a
panicutar machine: how io
calibrate a particular test
instrument; how o mix
ingredients etc..

Propose your structire and any changes to existing pracuees to-the o:ganimtio.n .
management.
When structure and changes are agreed, produce draft quality documents (quality
manual and at feast 1st tier procedures).
7 Produce final quality documents when final drafts are agreed. a
If you arc the person who is to document the quality system and you are external to the

organization, you will need to be accompanied when at the premises, virtually
whole time, by the person within the organization who will be responsible for

quality system.
Make use of the four task elements as you document the existing structure and wor
procedures. Think about the system from an auditor’s point of view. Look closely

interfaces.
Follow logical routes when questioning, for example:

How does the company receive an order - letter? telex? telefax? verbal?

Who may reccive orders?
Who is responsible for orders/processing orders?
How is the order processed?
How is the order recorded/filed?
s it possible for orders to go astray?
7. Have orders ever gone astray?

Make note of any system deficiencies without detracting too far from the job in hand.
Try to resist making immediate major changes to existing systems - even if considered
necessary. Gradual systematic change is desirable to allow for human aspects.

When the quality system is implemented, the quality manual and quality related
procedures. instructions. drawings etc. need to be controlled and amended when
necessary. All changes to the system or any quality document should be recorded.

© Ruane & T P O'Nritl
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 ~orns MRS audit-is defined in BS 4778:. Part | us, 'a sysematic and independent
examination to determine whether.quality activities and related' results comply with

planned arrangements and- whetlicr these arrangements are implemented effectively and

are suitable to achieve objectives.’

This definition is all encompassing and can relatc to audits applicd to entire quality

systems, parts of a quality systems, to products of services, or t0 processes.
Audits may be carried out by:
a.  acompany onits own systems - known as an infernal or first party audits.
b. an organisation on a supplier or potential supplier - known as external or

second party audits.
accreditation authorities on an organisation who is accredited, or wishes to be

accredited, to the authorities quality standard - known as extrinsic or third
party audits.
The purpose of an audit on a quality system is (0 obtain objective evidence of the
practices and results of quality refated activities, to then compare these findings against
the documented planned arrangements, in order 10 provide an assurance that those
planned arrangements are complied with.
The objective evidence may be quantitative or qualitative, but must be based on fact,
i.c. measurement, test or observation; not subjective opinion. The documented planned
arrangements are those in the quality manual and related procedures.

An audit is typically conducted in five phases:
1. The opening meeting.
The audit.

Evaluation of audit findings.

2
3
4,  The closing meeting.
5

The submission of an audit report including any corrective action requesis on
non-conformities found.

A follow up audit, which should be treated as a separate audit, may be required i any
comective action is to be undertaken based on the original audit results.

Prior to an audit it is necessary (o draw up a checklist and/or sequence of questions
covering all applicable areas of the audit. The checklist should be produced with
reference to the associated documentation, e.g. the quality manual, procedures and any
applicable standard. '

The BS EN 30011 - Guidelines for auditing quality systems ts a document which may
be referred to for more information on the auditing of quality systems.

© Ruxne & T P O'Nell
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R UNIT QA6 ® DEFINITIONS

' . Qualitys; totality of features and characteristics of a'pro&uct or service that bear on
its ability to satisfy stated or implied needs. (BS 4778 : Part 1)

e e Tt e,

_ ASSPE ﬁthosc planned or systematic. actions necessary to_provide
Fideace that a product or service will satisfy given requirements for
ity. 4778 ; Part:l)- i — p . )
quality. (BS 471 R A) .Satna wp ) Hoo utjmno[m-q,? )

_rmﬁgmm*wmﬂ techniques and activities that are used to fulfil
i ity. (BS 4778 : Part 1) . O o

mquucmentsforﬁgt_pl;__g‘y_ (BS 8 ; 1) IS ‘+ bean A-O'M.)

Quality ma.nagﬂ;iﬁ'l:é That aspect of the overall management function that

determines and impf’e'mcms the quality policy. (BS 4778 : Part 1)

Quality manual:® A document stating the quality policy, quality system and quality
practices of an organization. {BS 4778 : Part 2}

! : . . .
Quality plan: A document setting out the specific quality practices, resources and
sequence of activitics relevant to a particular product, service, contract or project.

(BS 4778 : Part 1)

Quality policy: " The overall quality intentions and direction of an organization as
regards quality, as formally expressed by top management. (BS 4778 Part )

Quality system: “The organizational structure, responsibilities, procedures, processes
and resources for implementing quality management. (BS 4778 : Part 1)

© Ruane & T P O Neill
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BS 4778 : Part |
[EN 28402, ISO 8402]

BS 4778: Part 2

BS EN ISO 9000-t

BS EN ISO 9000-2

BS EN ISO 9001

BS EN ISO 9002

BS EN ISO 9002

ISO 9004-1

1SO 9004-2

[SO 10005

BS EN 30011

© Ruame & T.F ONall
tamoe | 1 1AO1NT

. T

UNIT QA7 QA STANDARDS

Quality vocabulary - International terms.

Quality vocabulary - Quality concepts and related definitions.

Quality management and quality assurance standards
Part 1: Guidelines for selection and use.

Quality management and quality assurance standards.
Part 2: Generic guidelines for the application of ISO 9001,
1SO 9002 and ISO 9003.

Quality systems - Model for quality assurance in design,
development, production, installation and servicing.

Quality systems - Model for quality assurance in production,
installation and servicing.

Quality systems - Mode! for quality assurance in final
inspection and check.

Quality management and quality assurance standards.
Part 1: Guidelines.

Quality management and quality assurance standards.
Part 2: Guidelines for services.

Quality management - Guidelines for quality plans.

Guide for auciiting quality systeras {Parts 1,2 and 3).
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Pusnal UNIT QAS ¢ NORMATIVE DOCUMENTS

Normative document: Document that provides rules, guidelines or characteristics
for activities or their results. :

Note: The term normative document is a generic term that covers such documents
as standards, technical specifications, codes of practice and regulations.

(I1SO Guide 2 & EN 45020]

Standard: Document, established by consensus and approved by a recognized
body, that provides, for common and repeated use, rules, guidelines or
characteristics for activities or their results, aimed at the achievement of the
optimum degree of order in a given context.

(ISO Guide 2 & EN 45020]

Code of practice: Document that recommends practices or procedures for the
design, manufacture, installation, maintenance or utilization of egquipment,
structures or products.

Note: A code of practice may be a standard a part of a standard or independent
of a standard.

(ISO Guide 2 & EN 45020]

Specification: The document that prescribes the requirements with which the
product or service has to conform.

Note: A specification should refer to or include drawings, patterns or other
relevant documents and should also indicate the means and the criteria whereby
conformity can be checked.

(BS 4778 : Part 1]

Technical specification: Document that prescribes technical requirements to be
fulfilled by a product, process or service.

Note: A technical specification should indicate, wherever appropriate, the
procedure(s) by means of which it may be determined whether the requirements
given are fulfilled.

A technical specification may be a standard a pan of a standard or independent
of a standard.

(1SO Guide 2 & EN 45020}

Regulation: Document providing binding legislative rules, that is adopted by an

authority.
Note: An authority is a body that has legal powers and rights.

[1SO Guide 2 & EN 45020]

Procedure (1): Specified way to perform an activity.

[1SO 8402 & [SO 10005]

Procedure (2): A written description of all essential parameters and precautions
to be observed when applying inspection or a test method to 2 specific item or
quantity of items, following an established standard, code or specification.
{ICORR REQ DOC]

Instruction: Provision that conveys an action to be performed.

[ISO Guide 2 & EN 45020]

Woritten instruction: A detailed written description of the inspection(s) or test(s)

to be performed.
{(ICORR REQ DOC]

© Rasne & T P O'Neill
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"QUALITY ASSURANCE - QUESTION PAPER

PAPER No. Q-QAl

TIME ALLOWED - 2 HOURS

Explain what you understand by the following terms:

Specification.
Standard.

Code of practice.
Test procedure.

What is your definition of quality assurance? £+

What is a quality plan?

What is the purpose of a qualthsygie: ' sl -} tr Stog who is already on the

2,

company’s list of appro 2 e S W

S &5

et

' ltfycontrol and quality assurance.

1

iy to make an organization’s Quality Manual?




' QUALITY ASSURANCE - Quesrxou PAPER ;; “ .
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PAPER No. Q- QAz P ,___-_gn.-,_..g:.;u-_- er

Pt

s !ét
TIME ALLOWED - 3 HOURS

R

- s;.;'-.,l-‘! %bﬁﬂ}‘@c b:‘d-"m%nf{?vr_- '-7,:-:,- O

- e -»I"t e
100 welds attaching pipe to pipe were inspected by MPI by a team of three operatlves
from an inspection company. All welds were reported as being defect; TiE

...\1:“.,’_ ~. . ‘_:-.w

The client reinspected the welds and found that 30% of the mspected welds’ eontamed
defects which exceeded the aoceptance tolerance. -7 . - o ,

' ttihg 0 : a
pipe. The failure initiated from the outer surface at ﬂ;e ‘gfeld toe. ,NDT,was not i Vi
originally specified.as a requirement. A.uy futun:: t’a.dms ecm.ldha.ve sxgmﬁcant safety
and economic consequences. ‘*"“.. :

You are responsible for quality on a related pro_]ect wnh sumlar welds and have been
asked to review your quality procedures to prevent-ﬁxmre ‘problems in similar "%

circumstances. What questions will you be askmg in order to make your review?
. mﬁﬁvu‘ze”mwm dul £t Y
I A T ke :t

W Al'\

Because of previous oversights during quallty rewews you have been requested by

your manager to produce an all encompassing checklist for use in management .

. [
"\‘lé TRV h.:\_\ gl O R

meetings which review overall quahty

T

Because your company has a quahty system which meets the neqmrements of BS 5‘750 :
Part 1 you have decided to refer to this document for gmdanee Draw up your proposed
checklist. Open book question - BS 5750 : Part 1.
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EQUIPMENT

Documentation/

computer disks
identified
approved
type
content
distribution
records

Verbal

Memory

Identified

Qualified

- trained
- experienced
- certified

Attributes
Wellbeing
Accountability
Responsibility
Availability
Motivated

Identified
Type
Condition
Environment

Status

Identified
Type
Condition
Environment
Available
Status

Capacity
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Information

1.1  Were the inspections carried out in accordance with an approved written
procedure?

1.2 If a written procedure was used, did all concerned have a copy?

1.3 If a written procedure was used, did it allow for different techniques or test
sensitivities to be adopted?

1.4 If a written procedure was used, did the MPI operatives (including client’s

inspector) work to the same procedure, e.g. same 1SSue; same test sensitivity?

1.5 What was the NDT procedure and technique employed technically correct,

i.e. could the procedure specified lead to misleading indications?

1.6  If a written procedure was used, were the results reported in accordance with the
requirements of that procedure? '

1.7 Did the procedure precisely specify which areas required testing on each weld or
did it allow for random inspection, i.e. could the client’s inspector have tested the
welds in a different area to the MPI operatives?

Person
2.1 Were the defective checks attributable to one NDT technician or to all of them.

22  Was there any supervision - 10 whom did the operatives report.
23 Was each NDT operative in possession of the NDT procedure.
24 Were all the NDT operators qualified to use the procedure.

25 Had the NDT operator’s vision been checked.

2.6 Could the NDT operative(s) responsible for the tests have been unwell or under the
influence of drink or drugs.

97  Were the NDT operatives experienced in the use of the specific procedure to test
the actual weld configuration.

28 Were the NDT operatives aware of which defects they could expect to detect.
&9  Were the NDT operatives pennanent full-time employees or contracted in.

Were the NDT checks the only work done on the days in question or did the
operativesjlave other duties.

Were there any time pressures involved during the first inspection.

What evidence is there that the initial inpections were actually performed.

Any reason to doubt the integrity of any of the operatives.




Equipment L. ;
3.1  What equipment was used to carry out thg ests, 1

'dr jn’.
“' -

3.2

g =
3.3  What consumables were used in the mma
status. Were any checks made on the

ey
"'"P “

34
35

36 If the inspections were performed ms:c!g "

did all the equipment, torches efc. funcno

ltem

4.1  Was there any mgmf:cant event betweerga W
welds. grinding, hydrostatic tesnng, post- N

oot ’-“u

42  Were the 30% of welds sequetmél or rany dxstnbuted
Lo f—ﬂ- M *‘-J-F__‘,_.": 3 "’

4.3  Did the defect occur in the same posmon. 2F

\--.,,-«_‘-r-n\

4.4 Was the defect the same type in all welds- :

4.5

46 Ifthe mspecuons were cartied out i
procedures observed.
47

R SIS TG TR
48 Werethe mspecuons carried out msxde the pxpe Or O gtiicghme. pxpe Jf,“

rEye s
ey

49

Mlscellaneous
5.1

5.2

5.3

AN 9




QUALITY ASSURANCE - QUESTION PAPER

T
[

PAPER No. Q-QA3

TIME ALLOWED - 2 HOURS

What are the objectives of quality assurance?
Why are quality audits carried out?

%

eemedtoha‘ie Dee:
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QUALITY ASSURANCE - QUESTION PAPm jﬂi—}
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List five items of information you would expect to ﬁnd in calibrauon records. s e

What is a document transmittal sheer?
What is a third party audit?

List four phases of an audit after the opening
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ﬁ

Penetrant testing

This type of testing uses the forces of capillary action to detect surface breaking
defects. It is impossible to detect defects which do not break the surface with this
method. but it can be used on both magnetic and non-magnetic materials providing

-porous.
On ferromagnetic materials it they are noft
is normally preferable to usc Therc are several types of penctrant system. this includes the following which are
o pLe shown in a descending order of flaw detection sensitivity:

. Post-emulsifiable - fluorescent
. Solvent based - fluorescent

. Water based - fluorescent

. Solvent based - colour contrast

s  Water based - colour contrast
Fluorescent peneirants require the use of an ultraviolet (UV-A) light to view
indications. whilst colour contrast penetrants are viewed with the naked eve.

One of the mOsi comumon site used penetrant Systems UusSes solvent based colour

contrast pchetranis in aerosols. A typical sequence of operations on a steel test item is
as follows:

. Clean area using wire brush. cloth and solvent. On aluminiums. other soft
allovs and plastics, wire brushing should not be used. as there is a danger that
swface breaking defects may be closed.

Apply penetrant - leave for 15 minutes. Colour contrast penetrants arc nonmally
red in colour and should remain on the part long enough 10 be drawn into any
urface discontinuities. This time can vary from about ten minutes 10 several
hours depending on the rype of matcrial and size/type of defect sought.

Remove surface penetrant using cloth and solvent. Apply solvent 1o the cloth
and not directly on to the work piece. Clean thoroughly.

Apply developer - leave for 15 minutes. The developer draws anv penetrant
remaining in any surface breaking discontinuities with a blotting action.

Interpret area. Any discontinuities are indicated by a red mark. ¢.g linc or dot
against a white background. Fluorescent penetrants would show green-vellow
when viewed with an ultraviolet (UV-A} light.

_______—___._————#———_—'

Magnetic particle inspection

This method of NDT may detect surface. and in certain cases, slight sub-surface
discontinuities up to 2-3 mm below the surface. M.p.i. can be used on ferromagnetic
materials only.

A magnetic field is introduced into a specimen to be tested. fine particles of
ferromagnetic powder. of ferromagnetic particles in 2 liquid suspension. arc then
applicd to the test arca. Any discontinuiry which intcrupts the ragnetic lines of force
will create a leakage Jfield, which has a north and south pole on cither side of it. This
atiracts the ferromagnetic particles in great numbers. The discontinuity may show s
a black indication against the contrasting background-usually white contrast paint—or
as a fluorescent indication which is usually greenfyellow against a dark violel
background.

When m.p.i. is carried out using fluorescent inks the use of an ultraviolet (UV-A)
light is necessary 1o cause fluorescence of the particies. although there is no need 10
apply a contrast paint,

emepTo NDTI-1
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Fluorescent ink methods are more sensitive than black ink metiods.

There are many ways to apply a magnetic field, e.g. a permanent magnet, coils, prods,
cables and threading bar.

Listed below is a sequence of operations to inspect a weld, using a permanent magnet
with black ink:

Clean area using wire brush and cloth plus solvent if necessary.
Apply a thin layer of white contrast paint.

When paint is dry. straddle the magnet over the weld.

Apply ink (1.25 10 3.5% particles to a paraffin base).

Interpret area.
To look for transverse defects, turn magnet approximately 90° and re-apply ink.

Interpret area.

Radiographic testing

Principles

Radiography is caried out using x-ray machines or artificial gamma sources

{radio-isotopes).

X-rays or gamma rays pass through the object to be radiographed and record an image

on a radiographic film on the opposite side. The radiation reaching the film will be
. _ ] determined by the objects thickness and density. e.g. lack of root penetration in a weld

Fow vorendingraphy 130301 . T . S .

JRR—— wsedd o steel will increase the amount of cadiation falling on the film m that area due to a reduction

wohinenss ug fe 500 in thickness.

dpprusinarely 30 mm tounl - - - RTI - . . ..

ehickncss. It is the waveleng;h of the radiation wluc_:h EOVems its p_eneuaung power; this 15
governed by the kilovoltage (kV) when using x-rays, and isotope type with gamma
rays. The intensity of the radiation is govered by the milli-amperage (mA) when

Cubair 60 (Co6) has o very . 4 ‘b he activity of th fic i ith Activity i

high penctrating power-very using x-rays, and by the activity of the specific isotope with gamma. Activity is

short wavelength—and can be measured in Curies (Ci) or gigabecquerels (GBq).

used on materials up to Sk . - . . . .

300 mon thick. fridiam 192 A negative is produ'ced when the film is processed. The thin areas of an object will be

{Ir192) is comnoniy used on darker than the thicker areas. therefore most weld defects will show up dark in

steel weldments up 10 30 mm relation to the surrounding arcas; exceptions are excess weld metal, spatter, tungsten

ﬂ‘uc{c: !:J'HS rlfcreforc prudices and copper inclusions. "
randicttion with a fonger

wirrclength than Co6l.
Radiographic quality

An overail assessment of radiographic quality is made by the use of image quality
indicators (IQI's): these usually consist of seven thin wires decreasing in thickness.
IQNs) are pre-placed on the weld being examined and therefore show on the
radiographic image. The more wires visible the better the flaw detection sensitivity is
likely to be. . -

The density—degree of blackness—of a radiograph is also measured by using a
densitomerer to ensure it lies within a specified range for optimum quality.

Advantages and disadvantages

X-radiography requires bulky and expensive machinery in comparison with gamma
radiography. but X-radiography generally produces better quality radiographs and is
safer. X-ray machines can be switched on and off, unlike gamma sources which
penmanently producce radiation and therefore require shielding when not in use.

A wajor disadvantage with radiography is that it will only detect defects which have
significant depth in relation to the axis of the x-ray beam—roughly over 2% of the wall

L Ruane & T P O'Neill NDT[ - 2
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thickness in the same axis &5 the x-ray beam, i.e. radiography will not usually detect

plate laminations. lack of inter-run fusion or cracks perpendicular to the x-ray beam.
A major advantage of radiographic testing is that a permanent record is produced,
i.e. the radiograph.

R ——

Ultrasonic testing

This method uses the ability of high frequency sound waves. typically above 2 MHz
(2,000,000 c.p.s.), to pass through materials.

) A probe is used which contains a piezo electric crystal to transmit and receive
Sawmetimes two crystals are ultrasonic pulses. Ultrasound hitting any air interface, or an interface with a different
used. one to actasa . . L4 e . . .

transmitter of ultrasound and material density, which is perpendicular to the ultrasonic beam is reflected back and
the vther to act as a receiver. displayed on a cathode ray tube (c.r.t.). The actual display relates to the time taken

for the ulirasonic pulses to travel the distance to an interface and back, i.e. longer the
time, the further away the interface.

An interface could be the opposite side of the plate, therefore wall thickness
measurements can easily be made.

Lamination checks are casily carried out using ultrasonic methods (opposite to
radiographvt. Welds can be tested using angle type probes, although this requires
more operator skill to apply and interpret results.  Defects in welds usually can be
located but the type of defect is sometimes difficult to identify.

To detect a linear defect with radiographyv, the defects must have depth in line with
the radiation beam; the opposite is true tor ultrasonic flaw detection, i.c. when using
ultrasonic testing the defects should ideally have their major face at 90° to the axis of
the ultrasonic beam.

For the ultrasound to cnier a material a couplant must be introduced between the
probe and the specimen. e.g. grease, oil, glycerine or water. because ultrasound does
not travel very well through air.

Ultrasonic equipment is quite portable. but one major disadvantage with most of the
equipment used is that no permanent record of results is produced. Equipment that is
able to record results is currently expensive.

Eddy current testing

Eddy current testing uses the clectromagnetic induction of electrical currents—eddy
currents—in & material. The currents are affected by any section change in the
material, ¢.g. the presence of defects. These current changes are detected by the test
instrument, often by the use of a probe which induced the currents initially, they are
then displayed on a teter or 4 cathode ray tube (c.r.t.).

Eddy current testing is quite versatile. It is used for coating thickness measurements.
cladding thickness measurements and alloy sorting as well as flaw detection.

Eddy current testing is able to detect sub-surface discontinuities, but the depth of eddy
current penetration is limited. It is excellent for surface flaw detection, but for all
types of testing. can be only used on vonductive materials; both magnetic and
non-magnetic.

Many different types of probe attachments are available, these include: internal
bobbin-type coils, external coils. knife cdge probes and many unique designs for
specific applications,

4 Huwve & TP AFNeill .
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m Castings are formed by pouring molten metal from a ladle into.a hollow mould. Cast
material may be further processed, e.g. cast steel ingots may be rolled into slabs and

then into plates. The mechanical properties of castings may ‘be enhanced by heat
weatment. The range of castings is considerable from very small trinkets to very large
complex components weighing hundreds of tons. Castings arc made from a wide range
of ferrous and non-ferrous materials.

e ———————
Types of casting

Ingot casting

Ingots are used for further processing, €.g. rolled into slabs or bar product,

There are three types of steel ingot: rimmed, semi-killed and fully killed.

There are two basic types of mould: narrow end up (NEU) and wide ead up (WEU).

Killed means deaxidized.

Ingot technology is complex, therefore only a brief reference is being made to basic
forms of ingots.
Rimming steel ingots

These ingots are produced by semi-killing the steel in the ladie with silicon (8i), just
sufficient 1o allow oxygen to react with the carbon ‘in the rim of the ingot producing
blowholes of CO, and a pure iron fim free from carbon. The CO, blowholes weld up
on rolling.

Mainly used for sheet, although used in plate form for non-critical applications.

Killed steel ingots

These ingots are produced by fully kitting the steel prior to wansfer of the liquid stecl
from ladle to ingot mould. All carbonfoxygen reactions are killed by cither silicon or
aluminium, or a combination of both. Aluminium also refines the grain structure
producing fine grained steels.

All engineering grades of steel, high alloy and too! stecls arc killed steels.

Wide End Up (WEU}
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m Continuous casting

Continuous casting or concast is the process which produces continuous lengths of
blooms or billets for re-rolling or further hot work. 1t is an alternative to the ingot -/
method of production.

The diagram shows the ladle which is kept at the required temperature whilst being l
transferred from the stee! furnace to its position at the top of the tower structure.

M.
=T CASTING FLOOR,

(20m + ABRVE
GROUND Level)

7| LADLE. .
MoLD. &4 Tunp!is
VERTICAL '
CooLiNG {
CHAMBER. -
WITHDRAWAL-
MECHA RS

RENDING PMECHANGM .

e /////////
CONTINUOUS CASTING ofF STEEL (vERTMCAL

“The metal is poured into a receiving tundish which is basically a refactory lined
intermediate feed vessel where many impurities are removed.

The molten metal is then allowed to travel down into copper moulds which have
integral water cooling tubes which assist in the solidification process during its J
downwards path between pinch rollers.

Progression is maintained in the vertical plane and with guide rollers, the cast
billevbloom is directed into its uitimate horizontal planc. The length is continuously I

cut by flame torch automatically into its pre-programmed short length requirement.

This length is suitable for rolling or holding at an clevated temperature to be rolled as
soon as is practicable.

Sand casting
This is the traditional method of casting, where a wooden pattern is placed in a two part
compressed sand mould. The pattern is removed and by re-assembling the mould
sections, molten metal can be poured into the void. After solidification the sand is
broken away and the casting retricved.

OFEN RISER (Feeper)
PourinG BASIN.
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A ferrous or aluminium pattemn is made resembling the cast item to be manufactured.
The pattern is heated to between 150-370°C and has a coating of silicone applied which
acts as a release agent. A fine sand mixed with a thermo-setting binder is then blown
over the heated pattem to provide optimum coverage prior to placing into a sand box
containing the same material. Further heating is applied to complete resin curing.

The shell is then taken from the pattern in two halves and suitably mounted to receive
molien material to produce castings within very fine tolerances.

Investment casting
The pattern, made of wax or plastic, is dipped into a sturry of refactory material to
make a mould, this is repeated many times to build up its thickness.

When the mould is dry in air, it is heated to 90-175°C in an inverted mode to melt the
foundation wax or plastic. The mould is then fired at 650-1050°C. If many similar
items are required, many moulds can be placed together on a tree feeder stem.

Investment casting is ideal for intricate shapes especially when using high melting point
materials. No finishing work is required due to the accurate finishes obtained.

Resin Caal;mj Comp/eb‘-’éﬁ
(Stucco) rold .

L Horn nreltout
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Die casting :
Dic casting is primarily used to make castings with aluminiums, magnesium alloys and

low melting point materials.

The molten metal is forced into the die cavity of special steel dies at pressures between
0.7-700 MN/mm’.

There are two types of process:

I, Hot chamber process - a piston forces the hot molten metal into the die cavity and
maintains pressure until the metal solidifies. Ideal for zinc, tin and lead materials.

Cold chamber process - molten material is teemed into a cold piston aperture and
then is injected into initially cold die-plates. Ideal for aluminium, magnesium
alloys and copper base alloys.

,.flﬂﬁﬂuau_.

e
5’,“"" tz’,’,"f T phatese

i
L]

-

~ pollen
mgfa f

t—_/ﬂfhl I'
Box Skehoncay
ve Hatf

_bLL(‘aJ/‘M'y . Cold Chon ber
\Cio_qmj (ylrudar

£ jechr . treclor dw
skl
e

ya

vl BN
I
e Hycleaolie
Shot
(‘L’,n"ra
S

Dre (i /m_g NMec hine

. Hhoctraulee
(y/rnder

© Rusne & T F O Nell
fasue | QMM




Ruane &
TP O'Ne.

S———

Casting defects

The following defects are present in the material before any further processing
operations such as forging or rolling have begunall casting defects are therefore

inherent.

Porosity
This is formed by gas which is insolubte in the molten metal. The gas is trapped within
the metal when it solidifies and remaias in the form of spherical or tbular cavities.

Airlocks
A cavity formed by air which has been trapped in the mould by the metal during

pouring.

Blowholes

These are small holes in or on the surface of the casting. They are caused by gas
evolution from the decomposition of grease, moisture etc., but not from the mouid
itself. _

For example, during the sand casting operation, moisture from the mould produces
steam, this is normally forced through the mould due to the absorbent nature of the
sand, but sometimes the stcam cannot get through to the outside and is forced back into
the casting, blowing holes in the casting surface.

Non-metallic inclusions
Non-metatlic inclusions are impurities such as slag, oxides and sulphides, which exist
in the molten metal and finally the solidified metal.

Pipe/shrinkage defects

This is a cavity in the centre of the ingot/casting caused by shrinkage during
solidification. A primary pipe is surface breaking: secondary pipes are those which
exist subsurface. The top of an ingot casting is removed to get rid of the primary pipe.
Other shrinkage defects may occur in steel castings where there is a localized variation
in section thickness. Shrinkage defects are not normally associated with gas, but a high
gas content will magnify their extent.

Inter-dendritic shrinkage: very small shrinkage cavities associated with dendrite
solidiftcation.

Segregation

Segregation is chemical heterogeneity, or the non-uniform distribution of the alloys or
impurities. Pure metals do not exhibit segregation.

In carbon steels the elements which segregate are those that are cither insoluble or form
lower freezing point complexers, e.g. sulphur, phosphorus, carbon, manganese and
silicon.

Cold shuts

A cold shut is an area of lack of fusion which may be surface breaking or subsurface in
a casting. Cold shuts may result from splashing, surging, interrupted pouring, or the
meeting of two streams of molten metal coming from different directions.

Hot tears (cracks)

Cracks caused by non-uniform cooling resulting in stresses which rupture the surface of
the metal while its temperature is still in the brittle range. They appear as ragged lincs
of variable width and numerous branches. The tears may originate where SUesses are

ST C1-5
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m A wrought product is @ worked product. primarily produced by hot - working.

c.g. forging or rolling. although ocold working is possible in some cases.

nE———

Forging

Forging is onc of the oldest forms of metal working processes known 1o man and is
simply illustrated by the blacksmith using a hand held hammer and anvil working
with hot metal supported by tongs.

At the other cxtreme, very precise pairs of dics may be used with hydraulic presses to
producc precision finished componcats.

Forging is often used when strength and toughness are nceded from the components.
Many basic componcnts., €.g. nuts. bolts. rivets. are mass produced by forging.

Bocause the base matcrial is more malleable at high temperaturcs. hot forging is
casicr to perform. Cold forging requires much greater forces to distort the material to

shape.
Forging can be carricd out by many mcthods, some of which are listed below:

Hammer forging

For componcents to be used in industry, hand forging is rarcly used: however.
automatic hammer processes may be encountered.

Hammer forging uscs the energy derived from the mass and velocity of the hanmimer
contacting the stationary work picce.

There are 1wo main types of hammer forging used in industry:

I.  Gravity drop hamers (drop forging) - this is where 2 forging ram is raised

against gravity by chain. belt. air, steam. etc. and is then allowed to fall freely to
contact the workpicce.

Power drop hammers - these are similar to the above but the power (down
stroke) is a pressurised ram that intonsifies the impact. The ram is air, stcam or
hydraulically operated.
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m Press forging

Press forging is when force is impartcd by a pressing action; the specific methods used y
arc: ,

. Mechanical presses - these have a crank or ceeentric type of actuation, They arc
limited by the inherent length of stroke but high forces can be gcncraled.l
Special  component  dics  arc fited to mcet component manufacturing
requircments. :
Screw press - this uses the stored encrgy of a flywheel or centrifugal mass; the I
mass of flywheel or contrifugal mass is a limitation in itsclf. This systom uscs
dic inserts and is only suitable for light work. ' A

Table

Lecentric sy
Slow oparchar

Open die forging )

Two flat dies are placed in the two forging faces and a suitably heated section of
- materjal is placed on the lower dic. The faces are brought together and the material is
shaped by compressionsometimes termed upsctting.
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Closed die forging

Used when special shapes are required. . A sequence of forging scts have to be used:
the material is shaped, part fonned, formed again, possibly picrced and f inally
rimmed, to produce components almost (0 size. Closed die forging produces CXCCSS
metal called Faxh which has to be trimmed off.
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Cold forging

This produces a good surfuce finish and dimensional accuracy. Material must be
capable of being cold worked.

Rolling

Rolling practice

Rolling is the process that follows the ingot or continuous casting stage- Hot rolling
converts the initial coarsc cast grain structure into the wrought structure which
enhances ductilite. Rolling may also close up any internal defects such as porosity.
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Dlooms. billets and slabs

The following tenns have been rakon from BS 6562 : 1986 : Terms used in the iron
and steel industry.

e  Squarc bloom - Scmi-finished  product with sides gencrally greater than
120 ovm. :
Rectangular bloom - Sermi-finished product with Cross scctional arca greater
(han 14,400 mm® and with a ratio of width 10 thickness greater than 1:1 and less

than 2:1.

Squarc billet - Scmi-finished product with sides generally equal to or greater
than 36 mm and lcss than or cqual to 120 mm.

Rectangular billet - Scmi-finished product with cross-sectional arca equal to of
greater than 2500 mm° and less than or equal 0 14.400 mm? and with a ratio of
width 10 thickness greater than 1:1 and less than 2:1. :

Round billet - Semi-finished product with dimmeter cqual 10 or greater than
73 mm. (Upto 75 mm it is enned roand bark.

© Weimare & T P AYNrill
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e Slab - Scmi-ﬁni;.sbod product of thickness oqual to or greuter than 50 oun and
with a width to thickness ratio cqual 1o or greater than 2:1.

Flat slab - Slab with a width to thickness ratio greater than 4:1.
—————————
Extrusion and drawing process

Extrusion .

Extrusion is the process which pushes material through a shaped die. There arc two

main types of cxtrusion process:

1. Dircct extrusion - a hot billet is placed in a chamber, then forced out under
pressurc through a dic opening.

Indirect {or reverse) extrusion - the billet is held within a chamber, the dic
holder is then forced into the billet extruding the shaped section.

7(‘/,@.1 of xtouyron
@ﬁdfvecl @ B/fa:/ O lortorars

Holdet

Extrusion is nonnally carricd out at clevated temperaturcs—termed hot extrusion—to
increase the ductility of the material and therefore the casc in which extrusion can be
achicved.

After cxtrusion, a thin residual shell known as skull is somctimes left in the chamber.
The oxistence of skull confinms that the extruded material is free of oxide.
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NOTES Drawing

Drawing is the process in which matcrialtypically round bar or rodis pulled through
reducing sized dies to produce small cross sections.
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Wrought product defects

Laps
Forging laps are caused by metal being folded over and flattened but not fused onto
the surface of the forging. Laps can be produced by using faulty or oversized dies.

Bursts

Forging bursts are surface or intermal ruptures caused by processing at too low a
temperature, excessive working or metal movement during forging.

Laminations (in flat plates)

Laminations are planar voids usually aligned parallel to the surface of the material.
They may be the result of any original casting defoct enlarged and flattened.

Slugs

A slug is a piece of foreign material which has boen pressed or rolled into the wrought
material.

Stringers (in bar stock)

As a billet is rolled into a bar section, any non-metallic inclusions are squeczed out
info longer and thinner defects. These are called stringers.

Seams and laps (in bar stock)

During the rotling operation. faulty, oversized dies, surface cracks or any surface
imegularitics may cause laps or scims.

Banding

As the ingot is forged and solled. the segregations are clongited and reduced in
cross-section. I further processing is carried out, they may appear as very thin
parallel tines or bands and is gencrally known as banding. Banding is not usually
considered significant.
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Product Technology

Specific Theory (No Welding) - QP-PRT-E1

What is a chill used for?

Where on castings are you most likely 10 find sinks?

Which process is associated with flash lines?

What is a planar defect?

What is annealing and why is it sometimes purposely carried out?

What do you understand by upset forging?

Is it true to say that incorrect fitung moulds could cause flash lines?

Would heat treatment prior to a forging process affect final grain size?

Is it possible for the forging process 0 close and weld defects caused during casting?

O o N o AW

. List three types of service induced crack.

. What do you understand by the term fatigue when related to components in service?
. What is banding?

. ‘What is a chapler used for?

. Describe what you understand by the term concast?

_ Describe how laminations are produced.

. What is a cope and drag used for?

. Where are blowholes found on castings?

_ Are chills used internally, externally or both?

. How does killed steel differ from rimmed steel?

. How is a cold shut formed?

. Which process is associated with stringers?

. What is an equiaxed defect?

. Which casting process is likely to give the best surface finish?

_ What is the difference between a primary pipe and a secondary pipe in a casting?
. What is meant by a wrought product?
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I PENETRANT TESTING
1.1 Overview

Penetrant testing uses the forces of capillary action to detect surface breaking defects
only. It is impossible to detect defects which do not break the surface with this method,
but it can be used on a wide variety of non-porous materials including both magnetic and
non-magnetic metals. Normally on ferromagnetic materials it is preferable to use
magnetic particle inspection.

There are various penetrant systems including the following, listed in a general order of
sensitivity:

. Post-emulsifiable - fluorescent

. Solvent based - fluorescent

. Water based - fluorescent

. Post-emulsifiable - visible

. Solvent based - visible

. Water based - visible

Fluorescent penetrants require the use of an ultraviolet (UV-A) light to make the
indications fluoresce so that they may be detected, whilst colour contrast (visible or dye)
penetrants are viewed under daylight or white light conditions.

One of the most common sife used penetrant systems uses a solvent based colour contrast
penetrant in an aerosol, a solvent cleaner and a solvent based developer.

A typical sequence of operations on a steel pipe is as follows:

1. Clean area using wire brush, cloth and solvent.
On aluminiums, soft alloys and plastics, wire brushing should not be used,
because there is a danger that surface breaking defects may be closed.

. Apply penetrant - leave for 15 minutes.
Colour contrast penetrants are normally red in colour and should remain on the
part long enough to be drawn into any surface discontinuities. This time can
vary from about ten minutes to several hours depending on the specification or
manufacturers requirements.

. Remove surface penetrant using cloth and solvent.
Apply solvent to the cloth and not directly on to the work piece. Clean
thoroughly but try to avoid removing any penetrant from any surface breaking
discontinuities.

. Apply developer - leave for 15 minutes.
The developer which is usually white, draws out the penetrant remaining in any
surface breaking discontinuities with a blotting action. Development times vary
from approximately ten minutes to one hour depending on the specification or
manufacturers requirements.
Interpret area.
Any discontinuities will show as a red mark, e.g. line or dot, against a white
background. Fluorescent penetrants would show green-yellow when viewed
with an ultraviolet (black) light against a deep violet background.

6. Post clean.
7. Report.
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1.2 Penetrant types
1.2.1 Colour contrast penetrants
These contain an intense dye, usually red, in an organic carrier fluid, they provide high
contrast against a white background and are visible in normal daylight or white light
conditions.
These penetrants are ideal for site use because of the light conditions, i.e. thereisno -
need to darken the viewing area', it is also not necessary to have an electrical supply to
operate a UV-A? light, although a torch or other source of white light may be required
in certain circumstances. :
Colour contrast penetrants are less sensitive in comparison with fluorescent systems.

1.2.2 Fluorescent penetrants

These contain additives which fluoresce usually a bright green-yellow colour when
subjected to the radiation emitted from a UV-A light. Fluorescent penetrants produce
much higher contrast and therefore have a greater sensitivity on fine (tight) defects in
comparison with colour contrast penetrants.

They are more suited to the fabrication shop or factory situation where an electricity -
supply is readily available and lighting conditions can be easily controlled. Dark
viewing conditions are required to give high contrast, however they can be, and indeed
are, used on site.

1.2.3 Further sub-divisiohs

The above penetrant types can be further sub-divided by the method used to remove
excess penetrant from the surface being tested.

1.2.3.1 Water washable penetrants

These contain an emulsifier to make the penctrant removable on the application of

~water. This type of penetrant is usually the least sensitive on fine defects and there
is also the greatest nsk of washing penetrant out of surface cavities during post
surface cleaning. However, being solvent free it has the advantage of producing
the least reactions on the operators skin and is also the least toxic for use in
enclosed situations.

1.2.3.2 Solvent removable penetrants

Solvent removable penetrants contain solvent based dyes which are more
searching than the water based types and are commonly used, especially for site
work, as they form the basis of. the aerosol powered portable penetrant kits. There
is also less risk that penetrant will be removed from defects during cleaning
compared to the removal of water washable penetrants.

1.2.3.3 gost-emulsiﬁable penetrants

These penetrants have the penetration advantages of solvents and allow better
control of the water based washing process, they have the disadvantage of an extra
time consuming stage in which the emulsifier has to be applied at the end of the

| There is a requirement to darken the viewing area when using fluorescent penetrants.

3 UV-A is a term which has replaced the old term black light and means ultraviolet radiation having a
wavelength in the region 315 nm (o 400 nm, used for exciting fluorescence.
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contact time and before the excess surface penetrant can be removed. They are
particularly suited to fluorescent dyes, thus providing the most sensitive penetrant

system.

There are two types of post-emulsifiable penetrants: hydrophilic and lipophilic.

1.3 The properties of penetrants
Some of the properties of a penetrant will ultimately affect its ability to detect surface
breaking discontinuities; a penetrant has the following properties:

1.3.1 Capillary action

The penetration capability of a penetrant is dependant upon its capillary action.

Capillary action can be demonstrated by vertically inserting a small diameter tube into

a liquid bath. The liquid will rise up the tube until the upward capillary pressure and

the downward air pressure equalise.

If a number of different diameter tubes were used, it would be seen that the capillary
increases with a reduction in diameter and the liquid climbs further up the

tube, this is quite significant and it enables penetrants to enter tight surface breaking

discontinuities as fine as 1 pm in width.

The capillary pressure can be determined by the following formula:

28 cosO
D

where:

P = capillary pressure
S = surface tension of the liquid
D = tube internal diameter

~ 0 =contact angle

1.3.2 Surface tension

The higher the surface tension, the higher the capillary pressure and therefore the
greater the penetrating ability.

1.3.3 Wetting ability

The ability of a penetrant to wet a surface should be high. Wetting ability increases as
the contact angle in a capillary tube decreases.

1.3.4 Viscosity

The viscosity of a penetrant governs the speed at which it will enter a surface breaking
discontinuity. The viscosity should be of a moderate nature, If the viscosity of the
penetrant is too low it will be easily removed from defects during cleaning operations,
if the viscosity is too high the rate of entry into a discontinuity will be too slow.
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1.3.5 Solubility/solvent ability

In order for excess penetrant tO be removed from the surface it needs to be soluble in
either water, solvents ot emulsifiers. This requirement neexds to be controlled because

excessive solubility may allow complete penetrant removal. Solubility will decrease
as the temperature drops.

A penetrant consists of a dye, ibly an emulsifier,

sensitivity and other properties. A high solvent ability is

these constituents and hold them together in correct con!

range covering all climatic conditions. It is also beneficial if the

ability to dissolve contaminants present in defects.

1.3.6 Tolerance to contaminants

A high tolerance t0 contamination is necessary due to the possible existence of water,
oil, grease etc. on the surface being tested. The penetrant must be able to accept these,
assuming they are minute traces, without its own chemical balance being affected.

1.3.7 Density/specific gravity

Most penetrants are hydrocarbons and have a density of less than 1 glem®. Most
contaminants, including water and solids, will sink in penetrant, this is particularly
useful when using a penetrant tank for dipping components.

1.3.8 Volatility

In order to Eyrevent rapid eilagoraﬁon, which would result in an increase in msoosny, a

low level of volatility is required.

1.3.9 Flammability

Ideally the solvents used in penetrant testing should be non-flammable, halogenated
hydrocarbons, which are non-flammable, may be used, but these can adversely react
with certain test piece materials and many are also considered to be carcinogenic.

1.3.10 Flash point

The flash point is the temperature at which the solvent vapour when mixed with air is
liable to ignite if a source of ignition is introduced; the higher the flash point the
greater the safety. Most penetrants have flash ints above 55°C and this is
considered as adequate for most situations.

1.3.11 Chemical inertness

To be completely inert a chemical 'when applied to a surface must not produce any
new reaction, however some penetrants are based on halogenated hydrocarbons which,
i left on the surface after testing, will attack nickel alloys, stainless steels and certain
other materials.

Water washible penetrants contain alkaline emulsifiers which, if left on the surface
after testing, will corrode alumninium especially in high hurnidity environments.
1.3.12 Toxicity

The poison value of a solvent is expressed in parts per million (p.p.m.) and each
solvent has its own maximum concentration in air in accordance with the COSHH
Regulations.
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1.4 Test procedures
1.4.1 Pre-cleaning _
Precleaning is an essential operation to remove contamination such as water, oil, etc.

to ensure penetration of the penetrant 1nto surface breaking discontinuities.

Acids or alkalis on the test surface degrade the fluorescence of fluorescent penetrant
indications.

Pre<cleaning is most commonly carried out by washing the test area with a suitable
solvent, other suitable methods include solvent vapour degreasing and steam cleaning,
but these methods require the use of bulky equipment and are not often used for site
testing.

Abrasive methods should be used with caution as they may peen over the surface of
any discontinuities, thereby closing them off and stopping, or at least reducing, the
entry of the penetrant. If mechanical cleaning is absolutely necessary it shouid ideally
be followed by an acid etch to remove the peened over surfaces.

It should be appreciated that the prime reason for the failure of the penetrant process
to provide indications of existing surface breaking defects is incorrect or inadequate
pre-cleaning.

The test surface must be dry before the application of the penetrant.

1.4.2 Penetrant application
Penetrant can be applied to the surface by one of the following methods.

a. Immersion - This method of application is commonly used where large
numbers of small components are 10 be examined in a factory or workshop
environment. It is also common on single components which are small
enough to fit into the tank.

It is only necessary 10 quickly dip the components in and out of the tank then

set them aside to drain, the penetrant viscosity and wetting ability should be
adequate to prevent draining from occurring 100 fast.

. Flooding - Penetrant may be poured over the component, or components, to
be tested. The excess penetrant would normally drain off into a tank 10
prevent wastage.

. Brushing - May be used ona variety of components, especially those of a
complicated shape. Itis sometimes used on site work.

. Spray - Probably the most common technique for in situ inspection. The
etrant may be applied by aerosol, manual pump, conventional spray ot
electrostatic spray.
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1.4.2.1 Penetration time - contact time

The penetration time is defined in the BS 3683 : Part 1 as ‘the time allowed for
penetration of discontinuities by the penetrant’, the contact time is defined as ‘the
time during which the penetrant is in contact with the component under test’, both
these terms are essentially the same; the contact or penetration time is primarily
dependant upon the following factors:

a. The type of penetrant, e.g. water or solvent based.

b. The composition of the material being examined.

c. The nature and size of the defect being sought.

d. The ambient temperature conditions.
Unless it is a special penetrant, temperatures below approximately 15°C
will retard the penetration effect of the penetrant. The ideal application
temperature is around 20°C, a drop of 5°C will require a 50% increase in
contact time, a drop of 10°C will require a 100% increase in contact time;
applications of penetrant below 10°C should be avoided.

The nominal contact time will normally be indicated by the penetrant manufacturer
and is usually 15-30 minutes. Contact time can only really be determined by
taking all the ious factors into consideration and applying an initial trial and
error test: the smaller the defect to be detected the longer the contact time required.
In accordance with the BS 6443, contact times should not be less than 10 minutes
unless manufacturer states otherwise. :

1.4.3 Removal of the excess penetrant

At the end of the contact time any remaining penetrant on the surface under
examination has to be removed, but penetrant which has penetrated defects should be
left undisturbed. Excessive cleaning may dilute or even remove penetrant completely
from defects.

The method of excess penetrant removal depends upon the type of penetrant in use
and the size and condition of the surface under test.

1.4.3.1 Water washable penetrants

Water sprays may be used but they should not be severe or prolonged; they should
consist of coarse water droplets directed at the component at an angle of
approximately 45°, but not down the longitudinal axis of any defects or potential
defects. The BS 6443 states a maximum water of 2 bar (approximately
30 p.s.i.) with the spray nozzle not closer than 0.3 metecs.

Immersion in an agitated washis another method of excess penetrant removal for
water washable penetrants. The use of water soaked or dampened cloths is
generally avoided.

1.4.3.2 Solvent removable penetrants

The surface should first be wiped with a clean dry cloth to remove excessive
penetrant, followed by wiping with a solvent dampened cloth, then a final wiping
with a clean dry cloth again. Direct spray application should not be used as this
increases the possibility of removing penetrant from defects.
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1.4.3.3 Post-emulsifiable penetrants

When post-emulsification is necessary t0 make the excess penetrant water
washable, it must be carefully timed and the manufacturers instructions consulted

for accurate directions, although experimentation with representative test pieces
will give the ultimate assurance of correct emulsification times.

There are two methods for removing excessive post-emulsifiable penetrant from
the test surface; the following procedures are taken from the BS 6443:

1. Aqueous removal (hydrophilic process).

Aqueous removers supplied as concentrates shall be diluted in accordance
with the manufacturers instructions, and the removal process shall be
carried out as described below. '
First aqueous wash (optional). Wash surfaces of the components under
the conditions given by a water spray nozzle or an air/water spray gun to
remove obvious excess penetrant.
Application of aqueous remover, Immerse the components completely
in the aqueous remover or apply the remover by spraying. Keep the

iod of contact with the remover to a minimum consistent with an
acceptable background and do not exceed the maximum period of contact
specified by the manufacturer. Apply the second aqueous wash
immediately after the specified contact period with the remover has
elapsed.
Second aqueous wash. Subject the components to an agitated aqueous
wash or, for small components, to a spray-wash for a period of
30 seconds to 2 minutes.

2. Post-emulsifier (lipophilic process)

Application of emulsifier. Apply the emulsifier by immersion and
draining, spraying or flow-on in accordance with the manufacturers
instructions. Do not apply the emulsifier by brush. Take care to avoid
local entrapment of the emulsifier caused by the geometry of the
component. Keep the period of contact with the remover to a minimum
and do not exceed the manufacturers recommended maximum period.

Aqueous wash. Immediately after the contact period with the emulsifier
has elapsed, immerse the components in an agitated aqueous wash, or
spray-wash small components for a period of at least 30s. Maintain the
temperature of this aqueous wash between 15°C and 30°C.

1.4.4 Drying

Prior to the application of the developer the component should be thoroughly dried,
this is best done with a warm or cold air blast. If the developing is to be carried out by
the use of an aqueous developer this stage can be omitted.

1.4.5 Developing

The action of a developer is similar to blotting paper. It will draw the penetrant from
any surface opening and will reveal the existence by a resulting stain.

It is important to apply the developer evenly and thinly; a thick layer may conceal a
defect that is only holding a small volume of penetrant.




RUANE & T P O'NEILL

Developers exist in the following forms:

a. Dry powder.
b. Liqud - aqueous suspensions.
C

. Liquid - aqueous solutions.
d. Liquid - non-aqueous (solvent based)

The BS 6443 states the following with regard to the application of developers:

1. Dry powder developers. Apply the developer immediately after drying the
component using any of the following techniques:

Dust storm.
Electrostatic spraying.
Flock gun.
Tumbling.
. Insufflator.
f. Fluidized bed. :
Note: In general, dry powder developers should not be used with colour
contrast penetrants because of the resulting lack of contrast between the
background and the indication.

Liguid developers (aqueohs liguid). Apply the developer by method (a) or (b)
below, as appropriate, directly after the aqueous washing removal steps and
subsequently dry the components.

a. Suspensions in.water. lmmerse the components in an agitated suspension
for at least 30 s and withdraw them in such a manner that heavy
accumulations in the comers and other regions of the components are
avoided prior to drying.

Solutions in water. Apply the developer either by immersing the
components in it for a period of at least 30 5, or by wet spray, or by brush,
or by flow-on. Allow excess developer to drain from the components and
take care to guard against the retention of reservoirs of developer in the
surface features of the components prior to drying.

Liguid developers (non-aqueous liguid). Thoroughly agitate the developer
priortouse.

Where a non-aqueous liquid developer is to be used as part of a colour
contrast penetrant system, apply, by spraying, a thin regular coating of
developer (after evaporation of the volatile carrier) sufficient to obscure the
surface of the component. Where a non-aqueous liquid developer is to be
used as part of a fluorescent penetrant system, apply, by spraying, a coating
such that the surface texture of the component is still discemnible through the
layer of developer.

Note: Application of developer by means other than spraying causes loss of
indications by masking or by leaching-out of penetrant from defects.
Aqueous developers have the disadvantage of being slow to dry and often give uneven
coatings. Dry powders also tend to result in uneven coatings. Non-aqueous
developers, which are spray applied, usually give even coatings, but have a
disadvantage when used in enclosed spaces due to a build up of solvent vapour.

Due to the uneven results obtained, the use of a brush applied developer is not
normally recommended.

14 New 92
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If the developer dries and exhibits a slight pink colour when used with colour contrast
penetrants, or slight fluorescent green with fluorescent penetrants, it is almost
certainly due to insufficient cleaning. Providing good contrast between the
background and the smallest defect being sought exists, then the condition is usually

acceptable, otherwise stop the test, re-clean thoroughly and begin again.

Some test materials, including stainless steel, have surfaces which are, t0 a small
degree, permeable to penetrants and require special attention when cleaning; however,
they will often retain a slight discolouration.

Development times of typically 10 minutes to 30 minutes should be allowed prior t0
final viewing.

1.4.6 [nspection and interpretation of defects

If all stages of the penetrant process have been applied correctly the position of defects
will be indicated as red marks on 2 white background or as green-yellow marks
against a deep violet background if fluorescent penetrants are used.

The larger defects hold a greater volume of penetrant and will therefore be revealed
almost immediately, but additional time will be required for tight defects to show.

By noting and comparing the indications that appear during the first 30 seconds with
those that exist after say 15 minutes, a more accurate assessment of the defect
characteristics becomes possible.

The rate of staining is an indication of the width and depth of the defect whilst the
extent of staining is an indication of its volume.
1.4.7 Viewing conditions

Inspection should always take place with good intensity white light if a colour contrast
penetrant has been used, or in a darkened area if fluorescent penetrant has been used.

The UV-A (black) light used for the inspection of fluorescent penetrants should have a
wavelength between 320 nm and 400 nm. 365 nm gives optimum fluorescence.

The BS 6443 requirements for fluorescent penetrants state that the UV-A irradiance
jevel at the surface being inspected shall not be less than 0.5 mW/cm? or 500 pW/em®.
For colour contrast penetrants the area under inspection may be illuminated by
artificaial white light or daylight but should not be less than 500 lux.

1.4.7.1 Reporting

Good reporting is essential if the test results are to be accurately assessed. Details
which require reporting should be identified in the test procedure for the work
being performed, but typically include the following:

a. Job identification and identity of test item(s).
b. Date of test.

¢. “Identity and signature of test operatives.

d. Surface condition - if machined it may be reported as "machined”. If
welded, state "as welded". There is not normally a requirement to
emphasize the surface condition in great detail.
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. The process used - it may only be arequirementtorefertothe test
procedure applicable, the specific details regarding the process being
record there. In the absence of a written test procedure a detailed report
will be required. _

. Consumables used - include trade name/identification and batch number
of each consumable.

. Results and action taken.
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1.4.7.2 Sequence of penetrant testing operations
The following table has been taken from BS 6443:

Pre-clean (clause 8)

i

Dry

Apply
water-washable
penetrant (9.2

Y

Water wash (9.4(b}}

Apply
post-emulsifiable
penetrant (9.2)

!

o

'

4

Apply
solvent-removeable
penetrant {9.2)

Water spray rinse
9.4{c) (1)}

Apply lipophilic
emulsifier {9.4{dH(1))

Apply

solvent remover
{9.4(al}

Y

Apply hydrophilic
remover {9.4(c)(21)

Y

fwipe clean I9.4|aILI

1

" Allow 1o dry

Water wash (9.4{cH3))

Water wash (9.4{d}(2))

l —— —t—

Dry {9.5)

|

Apply dry powder
developer (9.6{a))

Apply aqueous

developer (9.6{bl}

Y

Dry {9.5]

I

Dry (9.5)

Y

Apply non-aquecus
liquid developer
{9.6{ch} :

Allow to dry

]

B

Y

Development time

1

(nspect (clause 11}

¥

Clean {clause 13)

!

Protect if required

~slf——
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LEVEL 2 - PENETRANT TESTING - GENERAL

PAPER No. PT1G2

What is the flash poin of a solvent based product?

A. The minimum temperature at which the solvent will be flammable.

B. The temperature at which the vapours given off will spontancously ignite.

C. The minimum temperature at which the vapours given off will ignite if source of
D

ignition is introduced.
. The temperature at which the dye in a solvent based penetrant losses its capillary
action.

What primarily governs the rate (speed) of a penetrant entering a surface breaking
discontinuity?

A. Viscosity.

B. Capillary action.

C. Weting ability.

D. How the penetrant was applied.

Aluminium alloy test specimens that have been tested with penetrant should be thoroughly
cleaned after testing because:

A. the remaining toxic residue from the test may react with the aluminium causing a fire

B. the acid in the penetrant may Cause SEvere corrosion. '
C. any remaining alkaline peactrant will leave a red permanent stain on the surface of the
aluminium. '
D. the alkaline content of wet and most emulsifiers could lead to surface pitting.
cspecially in high humidity environments.
Sy
Which penetrant type does not exist?

A. - Post-emulsifiable fluorescent.
B. Post-emulsifiable visible.

C. Dual sensitivity penctrant.

D. Dry particulate.
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5. Whyisitbad practice 0 jaces Wi _ : or lo lcsung with a_
penetrant test method? . i FAEa g 1 s .

A. [Itmay causc damagc to the part. _- e
B. It may closc any U rface breaking ¢ dlsoo n ' i
C. ltisnot considered bad pracucc. IR L
D. Both AandBarc correct.

S
6. Which of the following NDT memods is mosr' Kely '

. Penetrant testing.
Radiographic testing.
MPL
Ultrasonic testing. ! TR - R
It depends on many facto th /e m ué'to lac
information. RN 51 A

7. Which of the following prc-clcanm
penetrant testing withou

A. VYapour degreasing.
B. Abrasive blasting.
C. Solvent cleaning.
D. Steam cleaning.

g. Capillary pressurc is influenced by wtuch of thc follovnng penetrant propcrues"

. Surface tension.

" Wetting ability.
C. Dimensions of surface breaklng ﬂaw. S
D. Allof the above. C
E. AandBonly.

9. Ofthe following, which is the most i
for ﬂuorcScent penetram inspection? ';e': :

Q. the total light mu:nsuy
C.
D.

10. How would an i
pcnetrants?

A. By calculation.
B. By cxpcpmcnmuon.
By measuring the contact angle of the pcnctrant. L
D. By determining cmulsificr viscosity. e 'f' ,
. ﬁ% il

g Do
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11. Generally speaking, which of the following penctrant systems would be the most time
consuming to use on the same type of component?

Solvent based.

Post-emulsifiable.

Water-washable.

All of the above would take the same time.

ich of the following statements is true?

12.

prior to-the application of an emulsifier.
Hydrophilic penetrant systems always require the use of a water wash immediately
prior to the application of an emulsifier.
Lipophilic penetrant systems may of may not require the use of a water wash
immediately prior to the application of an emulsifier, depending on the specification
or procedure requirements for the contract.

D. Hydrophilic penetrant systcms may Or may not require the use of a water wash
immediately prior to the application of an emulsifier, depending on the specification
or procedure requirements for the contract.

Wh
A. Lipophilic penetrant systems always require the use of a water wash immediately
B
C

13. Which of the following may be sued to apply penetrant cffectively?

Spray. -
Immersion.
Electrostatic spray.
Brush. .

All of the above.

14. Which of the following is not considered good practice when penctrant testing?

A. Applying emulsifier by dipping the part in emulsifier.

B. * Applying developer by dipping the part in developer.

C. Removal of water-washable penetrant with a water spray.
D. Applying emulsifier with a brush.

15. Dry developer should be applied:

A. so that a heavy coat of developer covers all surface to be inspected.
B. so that a light dusting covers all surfaces to be inspected.

C. with a dry soft brush, .g. paint brush.

D. by dipping. ,

16. The profile of the miniscus of a penetrant would be:

concayeswhen compared to the miniscus of a penetrant with lower penetration
es.
. convex when compared to the miniscus of a penctrant with lower penetration
' properties.
flat.
All the above may be true for a penetrant.




Why is it advisable to have 2 UV-A llght 1
fluorescent penetrant systems? < 7T

A. So that the drying stage may be clumna ‘

g ¥o increase the bleed out spti_ed of thc.-.hpcmzr :
o check the effectiveness of the was €. 5

D. To determine if the parts have ads%fai’;

4

method to be effective?

A. Type of discontinuity sought

B. Shape of the component. "
C. Size of the component. b
D. Allof the above. Ve

n.

Why is the wetting ability a cons1dcrauon m

A. Because it has an effect on capxllar}
B. Because it has an effect on the penc
C. BothAand Barecomrect.  ~ -
D. Wetting ability isnota oonsxdcrauon

Why are visible penctrants usually red?

Red provides high definition. Al
Reddyes-arccheapcrthanothus ;e i‘,, . A
Red provides a background. Sy
Convenience. .‘-,»as" goi _

Which of the following statements is falsc? -"'E?ﬁ' : cé

A. Penemttcsungeanﬁndmosttypcs_dt;sjtrfaoe

cannot accurately size all discontinuitieS, BEaR:L:: - 54 & 30
Penetrant testing, in most circumstances, can be just as mhable 85 MPI
surface breaking defects in ferromagnetic materi - .
Penetrant testing may detect fatigue cracks., e .‘ﬁ*w -
The penetrant test method is less reliable than radxograph:.c testing When' anempung to
detect minute surface breaking dxsoonnnumw. ;.,,;:..,kx_w;h oLk

s .ywmyc T -. f m“&a 2

i
22. Which of the following would bc the most desu'aﬁle ocnu'e wav;lenﬁ th hght used in
the fluorescent penetrant process? : " e

A. 3200A (320dm).n™ . L

& ﬁ?gﬁﬁgsm e e
nm™M . < rn.

D. 59604 (5964m). ne~ "ﬁ o

. .. 8
It R 4

A O
23. A good commercial penetrant should have a:

A. low flash point. .
B. high flash point. '
C. flash point lower than SS‘C.

D. Flash pomt is not relevant.




_ Which of the following materials is often difficult to test with a penetrant test method, due
to lack of contrast during final interpretation?

A. Ferromagnetic C-Mn steel.
B. Aluminium.

C. Titanium alloys.

D. Castiron.

. If a penetrant system is kalogen free it will contain no:

A. sulphur.
B. dye.

C. chlorine.
D. solvent

. Which of the following statemeats is false regarding the usc of cracked pancls or
comparator blocks?

To establish a standard size of crack which can be reproduced as nceded.

To determine the relative sensitivities of two penetrants.

To determine if a fluorescent penetrant has lost or reduced its fluorescence.

To determine the degree or method of cleaning necessary to remove penetrant from
the surface without removing it from the cracks.

_ Which of the following penetrant test methods is the most common found on site work if
used on ferromagnetic pipework or pressurc vessels?

A. Water-washable (visible).

B. Post-emulsifiable (fluorescent).
C. Solvent based (fluorescent).

D. Non-aqueous (visible).

. When using fluorescent water-washable penetrants, adequate rinsing time is assured by:

A. timing the rinse cycle.

B. scrubbing the part surface.

C. rinsing under UV-A light

D. using a high pressure water blast.

. How long must a penetrant be left on a part before the removal stage is started?

As long as possible.
20 minutes.

It varies depending on the type of penctrant used, the type of material being tested, the
sensitivity desired and the type of discontinuities to be detected.

It varies,depending on the type of material being tested, the sensitivity desired and the
size of discontinuities. to be detected, but will not exceed 20 minutes.
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out penetrant testing on a steel structure to locate any jangue crac ch may exist, the
client is out of the country and the job is urgentH{E .stmétute eons:sts O platcs and tube
attached by fillet welds and has a total surface FOf40m”. £ ¥ou igve drnved at the -
fabrication shop where the structure is waiting to_ge tested and ¥ '

verbal instructions. What would be the best app pach. ™ AR

A. Test the component over the ennrc aooessxbl"
found on the plates, tube
which you consider neocssary fects exist. et fo SRt
B. Test the componeat over the ent : ' any dcfects

a.ﬂ— -

found on the plates, tu % -puts or any other
action which you consider _ altholigh an opinion may

be given. B, o A g IR L L

Test the fillet welds only and report on any mpmrs. cut-outs
oranyothcracuonwhuchyouconstdernewasaxymomlccxft 9&8:;(13!.&*}-“}?1,‘{." -
Only test the fillet welds and any other q@%@gslsung ofa nge N CONtour '+
and report on any defects found. Do not request repairs, cut “0uifs OF any other action
which you consider necessary to mkc 1f defects _e.xlst. although an 'op uuon may be

given. i v N

jn g dgpnsnpl

e-',;vj‘l-
. ".: e -

--r'p Hﬂth

el ot







MAGNETIC PARTICLE
INSPECTION




Ruane &
‘TP O'Ne

Table of Contents

Basic principles

Magnetic Properties .....ccoccoerermsenneonuesonernsees
MAgREUSIM ... .ovnnnnernnsnsnnsennssnnsenssrsstre st ne
LAnNeS OF FOTCE « v veevrrenseennennenesomamnesmssnnsanesssmssnssnssrsns
Material characteristics ...
Permeability (1)
RELENUVILY «cvenvnvoneerrooersrssmmmennnonee-es
Magnetic flux (o) and magnetic flux density (B)
Magnetic field strength (H) ...ovvveeremummremommmnrrmemnerree
COBTCIVE FOTCE -« eovennsenesnennneesnsnssns nnanemssssns st
Magnetic hysteresis
Penetration of magnetic flux
Flux leakage
Electromagnetism

Considerations when using MPI .....cccoeceverees
Limitations of MPI
General considerations
Surface conditions

Magnetizing Methods & Apparatus .......c--.-- N
PemNANent MAGRELS .. ..oevnreesrssrsrsesmsensosssssmsrsrssrmstntiss
Electromagnetic yokes
CULTENL FIOW v e eveeenseseannsmams s mmm s s s mm st s e
Induction methods

Viewing Conditions ......c.coocaeaaronaosccresss
Non-fluorescent inks and POWAErS .....coovoremrrrnrmrrmnnsrmsnesesees
Fluorescent inks and powders :

...... MT6.1

Demagnetization «...ccocovascosaannsssnrassssssenanee

Magnetic Field Indicators .......ccooececsemercrenenes
Portable magnetic field strength MEIES ...o.coceermrerrerrrroemrrnrres
Burmah-Castrol strips
The ASME ficld indicator

Reporting l.-.O...'-...‘...C.‘-l.l.l....ll...
Preservation of indications to BS 6072

Photographic records




0Nl

" Table of Contents (continued)

Current Types ............ canenasaes teeevessecsessesaansecaasss MTI0

Alternating current
DIFECE CUITEIIL .« v ee e e eeeeeseennnacennraaereonsanssssssnnansannssossrans

COSHH Regulations 1988 .......cccemvecseccccacaacanccccacces MT11
Scope .
Responsibilities
Occupational Exposure Limits (EH40)




Ruane &
TP O'Ne

Magnetic particle inspection (MPI) is an NDT ‘method which-may only be used on
ferromagnetic materials to detect surface breaking discontinuities and also, in certain |
cases, slight sub-surfacc discontinuities up to 2 mm or 3 mm below the material's

Ferromagnetic materials are
thase which may be surface.
magnetized, e.g. iron. cobalt
nickel and many of their
alloys. e
Basic principles

A magnetic field is introduced into a specimen to be tested, then fine particles of
ferromagnetic powder, or ferromagaetic particles in a liquid suspension, are applicd to
the arca being tested. Any discontinuity in the test area which cuts across the magnetic
ficld creates a leakage field. A leakage ficld has a north and south pole on cither side
of it, and therefore will attract the ferromagnetic particles in great numbers.

It is common on site work to use black inks as the detecting medium; these are usually
contrasted against a white paint background which has been pre-applied. In
workshops and similar, it is more common to use fluorescent inks which are usually
green/yellow. Fluorescent inks or powders are automatically contrasted against a decp
violet background created by the use of an ultraviolet (UV-A) light, this is essential to
. cause fluorescence of the particles, although the use of a darkened inspection area is
required. A contrast paint is not required with fluorescent inks.

Fluorescent inks or powders arc more sensitive at detecting defects compared to
pon-fluorescent inks or powders, because of the greater contrast achieved between the
detecting medium and the background.

There are many ways to apply a magnetic field, e.g. by the usc of pcrmanent magnets.
electromagnetic yokes, coils, prods, cables and other devices.

A basic sequencc of operations for the examination of a weld using MP1 with a
permanent magnet and black ink is shown below:

The area béiug tested is
known as the "testarea”,

Clean area using a wire brush if required.

Apply a thin layer of white contrast paint.

When the paint is dry, straddle the magnet over the weld at 90° 10 the welds axis.
Apply ink (1.25% to 3.5% ferromagnetic particles to a paraffin base).

Interpret the area. Look for indications with their length lying along the same
axis as the weld. Evatuate in accordance with the relevant specification.

To look for transverse weld defects, turn magaet approximately 90° and rc-apply
the ink.

Interpret the area. Look for indications with their length perpendicular to the
weld axis. Evaluate in accordance with the relevant specification.

© Rusae & TP O'Neill
imoe | 120WYS




sl

The symbol § (Phi) is used 10 %0
represent magnetic lines of
force. Magnztic lines of

force may also be termed
magnetic flux.
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UNIT MT2® MAGNETIC PROPERTIES

Magnetism

All materials consist of atoms and molecules which may or may not have & permanent
magnetic influence depending on the electron configuration within the material.

Atoms in magnetic materials group together in regions called magnetic domains; each
domain has its own north and south pole. When these domains are randomly
positioned, the material is unmagnetized. If the domains are aligned in a common
direction, then the material will be magnetized and the material itself will have its own
north and south pole.

:\g b & g S 2
e m e
S

Fig. 2.1. Position of domains in unmagnetized material.

Fig. 2.2. Position of domains in magnetized material..

“The domains can be aligned by bringing them within an existing magnetic ficld. If the
domains remain aligned when they are removed from the influence of the magnetic
field, then the material is gaid to be permanently magnetized.

The poles of mag have an inherent attraction/repulsion effect. If two
pieces of magnetized material are placed with their dissimilar poles end (0 end there is
an attraction, but if the poles arc alike then there is repulsion, therefore:

like poles repel, unlike poles attract.

#
e

Lines of force

Faraday used the concepl of lines of force to explain what happens in the space
between two magnets. He suggested properties for these lines of force, which he
imagined as spreading out from all magnetic poles into the surrounding space-
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Fig. 2.3. Lines of force around a bar magnet.

By assuming the lines were in tension, like pieces of stretched elastic, he could account
for the attraction of unlike poles, since the lines of force stretch from one pole to
another.

Fig. 2.4. Lines of forc; Jor unlike poles.

But, the tension of the lines of force must increase as they shorten, since the repulsive
force between two like poles increases as the poles approach. With like poles, the lines
of force also tend to curve outwards, seeming to suggest that they repel each other.
Faraday used this hypothesis to account for the repulsion of like poles. l

Fig. 2.5. Lines of force for like poles.

The properties of magnetic lines of force are as follows:

a. They form closed loops between north and south poles.

b. They do not cross one another.

c.  They scck paths of least magnetic resistance.

d. Their density decreases with increasing distance from the poles, i.e. the
number of lines of force in a unit area decreases.
They are considered to have direction, that is: from the north pole to south pole
external to the magnet, and from the south pole to the north pole within the
magnet.

O Reane & T P O'Nelll MT2_2
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Material characteristics

The degree to which materials are capable of being influenced by a magnetic field
varies greatly from material to material, however they fall into three specific categories
defined by their behaviour in the magnetic field.

Diamagnetic materials

These are, t0 a very slight degree, repelled by a magnetic field and include copper.
aluminium, titanium and most ron-metals.

——
—
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Fig. 2.6. Lines of force for a diamagnetic material.

Paramagnetic materials
These are very weakly attracted by a magnetic field and include oxygen and most
metals.

Fig. 2.7. Lines of force for a paramagnetic material.

Ferromagnetic materials
These are strongly attracted by a magnetic field and include iron, cobalt, nickel and
many of their alloys. They also exhibit permanent magnetism and can themselves be

magnetized.
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Fig. 2.8. Lines of force for a ferromagnetic material.
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o Permeability ()
For magnetic particle inspection, the only materials of interest are those which are
ferromagnetic. Within this group, some materials are more casily magnetized than
others, that is to say more permeable.
To permeate means to spread through. In this context it refers to the ease by which the
magnetic lines of force arc spread through the material. Soft iron and low carbon stecl
have a high permeability, i< they arc casy to magnetise. Hard iron and high carbon
steel have a low permeability, i.e. they are difficult to magnetise.
Permeability (1) may be calculated by dividing the magnetic force () applied, into the
flux density (B) achieved:

p=

H
The permeability of 2 material may be given a value based on a ratio when compared
with free space. These values vary depending on alloy composition, heat treatment
and any working applicd.

Magnetic force (H) may also be
1ermed “magnetic field strength”.

Fiux density (B} may also be rermed

~magnetic induction”.,
#

Retentivity
When a magaetizing force is removed from a ferromagnetic material the amount of
magnetism remaining will vary between materials and depends upon the permeability
of the material. The remaining magnetism is termed residual magnetism and the
material is said to have refensivity or retained magnetism.
If a material has high permeability it is casily magnetized, but it will just as casily give
up the magnetic force, therefore it has a low retentivity.
If a material has low permeability it is very difficult to magnetise, that is to say it has
high magnetic rcluctance, but once magnetization has been achieved then it does not
give up the magnetic force easily, therefore it has high retentivity.

High permeability = low retentivity

Low permeability = high retentivity

f

Magnetic flux (%) and magnetic flux density (B) - q

When a specimen is magnetized, lines of force or flux exist within the specimen - the
stronger the magnetizing force applicd, the greater the amount of flux produced. The
magnetizing force may be applied by using a permancnt magnet OF clectrically
operated magnetic flow apparatus,. or by passing an electric current through the
specimen.

Magnetic flux is measured in webers (Wh).

The number of lincs of force (or flux) passing transversely through a given
cross-sectional arca is known as the flux density (B). Flux density is measured in

testa (T). 1Wb/m® = 1 tesla (T).

The old (cgs) unit for flux density which is still widely encountered is the gauss:
| gauss = 1 line of force/cm’.

10.000 (10%) gauss = I tesla.

BS 6072 - Magnetic particle flaw detection, SIBIES that MPI shail only be carried out if
the magnetic flux density tevel at the surface of the test area is equal to, or greater than.
0.72T. This level of flux density is approximately one-third of that required ©
magnetically saturate most steels.

© Rosne & T P ONelll MT2_4
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S Magnetic field strength (H)
The magnetic field sweagth of magnetizing force is that which is needed to induce a
flux in 8 magnetic circuit and is measured in amperes per metre (A/m), or in old (cgs)
units, the oersted {Oe).
1 oersted = 79.58 amperes per metre

___ﬁ

Coercive force

Coerce means (0 forcibly control; in this context it relates 1o the reverse magnetizing
force necessary to remove remnant or residual magnetism for demagnetization of 2

part.

___ﬁ

Magnetic hysteresis
Most of the magnetic properties of materiats of practical concern in MPI are defined
by the magaetic hysteresis loop of B&H curve.

When an unmagnetized piece of ferromagnetic material is exposed to 2 gradually
increasing positive magnetic force, and the strength of the induced flux density (B) is
plotted against the magnetizing force (H). a B&H curve is produced. If the plot
continues in the opposite direction a hysteresis loop evolves.

‘ve

Fig. 2.9. A typical hysteresis loop generated by an a.c. current.

As the magnetizing force.(H) is increased, the induced magnetic field (B) also
increases until it reaches its saturation point (b), at this point the matecial is said to be
magnetically saturated, that is the point when the maximum flux density has been
reached. :

When the magnetic force (H) is reduced, the flux density (B) also reduces. but falls
behind the original curve so that when H is back to zero there is still some magnetic

flux in the material (c). This is a measure of the materials retentivity.

If the polarity of the magnetizing force is now reversed, B will return to zero (d)- This
point represents the coercive force required to remove the residual magnetism from the
material.

MT2-5
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m By continuing all the previcus actions in the opposite direction a complete loop willtn ™
formed. ' )
When a.c. is used for magnetizing a specimen, a complete hysteresis loop is produced .
with each cycle of curreat; indleU.K.d:isisSOﬁwperswond.
A material which exhibits a hysteresis loop with a wide appearance will have hi
mnﬁviwmdmacfmemaybeuscﬁdfumakingpmnmmmmagncts.Amawial
which exhibits a hysteresis loop with a namrow appearance will have low retentivity
and therefore may be useful for making magnetic particles. .
The gradient of the loop also gives information regarding on the uscfulness ol‘ .
materials for use in magnetising apparatus, for making magnetic particles or for .
magnetising purposes. For example, a material which exhibits a steep gradient will :
artain a high flux density when using a low magnetizing force. '
i
F‘

ﬁ

Penetration of magnetic flux

Magnetic particle inspection is primarily used for the detection of surface breaking
discontinuitics and only in ferromagnetic materials. This is because the magnet’
fields induced are concentrated at the surface of the components. Howeve,,
sub-surface discontinuities may be detected if using permanent magnets Or electrical
systems using direct or rectified current, because the magnetic ficld penetrates much
further into the test specimen in comparison with MPI test methods which use
altemating curent. [tis unlikely that any form of MPI would be used to detect defects
decper than 2 mm or 3 mm below the surface.

Fliﬂysnmgmtrlmdﬂulﬁhgnﬁcld

Weak & diffused flux leakage fictd

o
Fig. 2.10. Flux leakages around discontinuities at different depths using a

standard permanent magnet used in MPI. (A) will not be detected, (B) may be
detected if the appropriate technique is used and (C} should easily be detected.

MPI test equipment using glternating current as an output produces a high density
magnetic flux at the surface of the test component. This phenomena, known as the
skin effect, produces a far stronger flux leakage ficld on surface breaking, or near
surface discontinuitics, compared to permancat magnets of dircct current test
equipment. _

The depth of flux penctration is governed by the wave frequency of the alternating
current, the conductivity of the test material and its permeability. [f any of these
variabtes increase, the depth of penetration will decrease.

It is difficult to try and interpret very weak and diffused MPI indications which could

be from sources other than defects, €.g- caused by rough/uneven surfaces or changes in
permeability. Because of this problem, sub-surfece, or body defects, would normally

MT2-6
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. NOTES

It is @ change in magnetic
permeability that causes a
leakage field.

Cracks may have very
irregular contours, they
therefore may sometimes be
detected using MPI when the
lines of force are parallel. or
close 1o parallel. to the
cracks major axis.

A sharp change in contour
can also create a flux
leakage creating an MPI
indication known as
“furring”. Furring can also
oceur on flar surfaces when
there is an excessive amount

of magnetic flux.

" 5 .
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be located by other methods of NDT, assuming the detection of sub-surface defects isa
requirement.

#

Fiux leakage

When a magnetic field is created within a ferromagnetic specimen, lines of magnetic
flux are developed and flow through and around the material compieting a circuit.
Magnetic particle inspection relies on a leakage of flux occurring within this circuit,
this may be caused by a break or discontinuity in the material.

Because it is a change in magnetic permeability that causes a leakage field, flux
lcakages may also be caused by changes in metaflurgy.

Opposite poles attract, therefore any break or discontinuity causing 2 flux leakage will,
because of the magnetic poles, attract a ferromagnetic material such as iron powder.
This would accumulate at the area of the leakage field and give an indication of the
defects existence.

Where the flux leaves the circuit a north pole is created.

Where the flux re-enters the ciscuit a south pole is created.

For a defect to be detected by MPI it must interrupt the lines of force. Any linear
defects running parallel with the flux or small non-lincar defects do not break the lines
of force, they bend around these defects taking the path of least resistance; these
defects therefore remains undetected.

MPI is most cffective in detecting defects with their major axis at 90° to the lines of
force, but will usually remain effective down to about 45° of this axis. Below this it is
unlikely that the defect will be found, thercfore in order to examine a specimen
completely, the lines of force must be applied in different directions.

____——______.-—-_-———-—

Electromagnetism

There is a fundamental relationship between electricity and magnetism; the movement
of an electric charge will create a magnetic force field around it. in a plane
perpendicular to the direction of trave} of the electric charge.

Electrons that are moving in a current carrying conductor set up a magnetic field, the
direction and orientation of which are given by the right hand rule if we assume the
current flow, by convention, is opposite to electron flow; or the left hand rule if we
assume the direction of current flow is the same direction as the electron flow.

Fig. 2.11. Magnetic lines of force in relation to current flow (1) using the left
hand rule. The symbol [ is used to indicate the current flow. & symbolises
magnetic flux flow.
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m . Magnetic particle flaw detection is capable of detecting cracks, non-metallic
inclusions and other discontinuitics on or ncar the surface of ferromagnetic
materials.

The sensitivity of the inspection is not greatly impaired by the presence of foreign
matter within the flaws, unless the contaminate has magnetic properties similar to
the test piece (which is highly unlikely).

It is possible to inspect components that have been coated, ¢.g. with cadmium
plate or paint, providing the"coating is not too thick (usually not greater than

50 ) with only a slight loss of sensitivity-

#

Limitations of MPI

MPI cannot be used on non-magnetic material.

The presence of surface coatings may reduce the sensitivity of the test.

Flaws that do not break the surface give diffused indications: these indications
from flaws become increasingly diffused with an increase in distance below the
surface.

Dimensional and/or structural variations, rough surfaces, and certain types of
segregation or metallurgical changes associated with lest items may give rise o
misleading indications.

_ﬁ
General considerations:

1.  All persons associated with magnetic flaw detection should be adequately trained
to an agreed level appropriate to their responsibility and have adequate cyesight.
BS 6072 states that persons carrying out MPI should be able to read the Jacger J2
chart at a distance of 0.5 metres.
It is necessary for operators and supervisors to observe the requirements of the
Health and Safety at Work etc. Act 1974 and the COSHH Regulations; sce
Unit MT12.
Post cleaning may be necessary in circumstances where the magnetic particles or
any background paint used, may be deleterious to the successful use of the
component.

#

Surface conditions

The .better the surface condition, .the more sensitive and reliable the test will be.
Therefore all contaminants such as paint, dirt, grease, oil, scale etc. should be removed.
leaving if possible a smooth surface dressed to bright metal.

Where dressing is not possible and when black inks are being used, a coating of a
suitable white background contrast paint should be applied.

Contrast paints should normally be in accordance with BS 5044 - Contrast painis used
in magnetic particle flaw detection.

Contrast paint should be applied thinly. Thick coats reduce the sensitivily of the
process and take longer to dry.

Contrast paints are usually water based nowadays and therefore not as toxic as those
containing volatile solvents.

©Ruanc & TPONel
tome ) 120905




Ruane &
TPON

NOTES

Permanent magnets

Permanent magnets are so called because they are able to maintain a magnetic field in
ihe surrounding space. The field strength can vary considerably, depending on the flux
density in the magnet and its shape.

The simplest form of permanent magnet is a bar magnet, which is basically a piece of
ferromagnetic material with a magnetic pole at each end.

If the bar was formed into a closed loop, then the magnetic field would be fuily
contained within a closed circuit and no externa)l field would exist. If a defect was

present in the loop, a flux leakage would still occur.

Neither bar magnets or ring (looped) magnets have any use in MPL  But, if a bar
magnet is simply formed into a U shape, the magnetic lines of force will be
concentrated in the gap between the magnetic poles; this provides an ideal

configuration for magnetic particle inspection.

Fig. 4.1. Permanent magnets positioned for examining a weld.

Permanent magaets provide magnetic flow only in the specimen and produce 2
longitudinal magnetic field between the poles.

The degree of magnetization in permanent magnets is determined by the amount of
pull required to lift the magnet clear of the workpiece, or by its lifting power.

The pull off force is the force that has to be applied to one pole to break its attraction to
the surface, whilst leaving the other pole attracted.

The lifting power is the ability of the magnet to lift a piece of ferromagnetic material
by attraction alone.

MT4-1
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m Cuminspedﬁuﬂmwﬂlmmeminimummﬁmufwmmngmsw'
ent magoets, e.g. BS 6072 states that permanent magnets shall have a powei

capable of lifting 18 kg with a pole spacing 75-150 mun. The pull off force shall have

a value equivalent to at least 9 kg.

When not in usc a permancnt magnet should have a keeper placed across the poles t
prevent loss of magaetism. ]
Some permancnt magnets may have adjustable arms, others may have rollers attached
to the poles; the rollers are sét to keep the magnet just clear of the surface and enable it
tobemovedommcworkpiwcwid\relaﬁveense. l

Advantages of pcrmanent magnets include:
No power supply required.
Inexpensive. ' l
No dmnagewmemtpiwcfromaming.
Relatively lightweight (easily portable).
They cling to vertical and overhead surfaces.
Both hands free after the magnet is placed onto the surface.

Disadvantages include:
Deterioration with wear.
Have to be pulled from the test surface.
Magnetic particles attracted to poles.
Limited application on awkward shapes.
No contro! over ficld strength (unless adjustable arms are used).
Only small areas examined in each position.

_____.ﬁ

Electromagnetic yokes

Electromagnetic yokes or electromagnets require a source of electrical energy which o
may be a.c. or d.c.. The test method used is sometimes refemred to as the magnetic flow
or magnetic flux path method.

AR

Fig. 4.2. An electromagnetic yoke.
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TR | 7ok s mde 0 highly permesble, low reteative stoel,-which is laminated to
reduce induction caused by eddy current flow (associated only with alternating
current) and also helps to prevent the yoke becoming permanently magnetized.

Magnetism is induced into the yoke by encircling it with a coil through which a current
is passed, the strength of the field produced can be varied in one of two ways:

1. By adjusting the current (amperage) flowing through the yoke - only certain
electromagnets allow for this.

By varying the distance between the pole pieces - most electromagnets allow for
this but not all.

Electromagnets may operate direct from the mains supply of 240V but are available at
110V when required for site use.

The field produced in electromagnetic yoke is longitudinal, travelling from pole to
pole as with permanent magnets, however the depth of the field within the test piece
will depend upon the type of current used to induce magnetism.

Surface discontinuities will be more readily found using a.c., sub-surface defects will
be more easily located using dc.. The magnet will have a much greater pull on d.c.
but the flux will be less at the surface of the component being tested.

BS 6072 states that a.c. electromagnets should have a lifting power of at least 4.5 kg
for a pole spacing of 300 mm or less, the standard also gives a minimum pull-off rating
of 2.25 kg for the same pole spacing. For d.c. electromagnets, the lifting power and
pull-off rating is the same as for permanent magnets.

Advantages of clectromagnetic yokes include:

. A.c. or rectified d.c. operation.

. Controllable field strength (not in all cases).
M Can be switched on/off as required.

. No damage done 10 test piece.

. Relatively lightweight.

. A.c. yokes can be used to demagncﬁsc.

Disadvantages include:

e  Power supply required.
e  Only small areas can be examined at each magnet location.

e  Leaves only onc hand free.

© Rusne & T P O'Neilli
Lizoe | 210995




- . e F SR e g ! B -t
H Pl - f g T R A

Ruane & - MAGNETIZING METHODS & APPARATUS

Current flow

Current flow techniques produce a circular magnetic field by bassing a. current
through the test piece, i.e. concentric rings of magnetic lines of force radiate at 90° (o

the current flow.

Fig. 4.3 Current flow method on bar.

The cument flow is normally obtained from a transformer supplying a.c. or a
trsnsformer rectifier for d.c..

The output voltage of current flow equipment is so low that there is no risk of
electrical shock to the operator from the equipment’s specimen contact points or test
specimen.

The choice of power supply depends on the test requirements, i.e. using a.c. will reveal
flaws up to approximately | mm below the surface, using d.c. will reveal defects
typicatly up to 2 mm to 3 mm befow the surface.

An ammeter is usually incorporated in the equipment to indicate the amount of current
flowing through the workpiece.

In fixed installations, i.e. bench equipment, the component is firmly clamped between
contact heads. With portable equipment, electrical contact is made by the use of prods l

and/or clamps.

Prod technique

With this technique the current is introduced into the item under test by using clectrical '
contacts known as prods. Prods induce a circular magnetic field within the specimen
using current values typically in the region of 1000 amps; at this current level arcing

can occur between the electrodes and the test surface causing damage. To prevent this
possible damage, the prod contact tips and the test surface must be kept clear of any
contamination and the cument must not be switched on until firm contact has been
established, likewise, the current should be switched off before lifting the prods.

Because of the risk of arc
strikes many specifications
do not allow the use of the
prod technique.

© Ruane & TP O'Neill
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NOTLES

Fig. 4.4. Current flow using prods..

Precautions when using current flow in respect to prods/clamps are given in 8S 6072:

"Every precaution shall be taken to prevent excessive heating, burning or arcing.
Certain metals including copper and zinc may, if used as prod material,
contaminate and cause metallurgical damage to the component if arcing occurs.
For this reason and the fact that perfect contact is difficult to achieve with prods,
they shall be made of steel or aluminium. Zinc shall not be used and copper or
copper-tipped prods shall be used only in applications where complete assurance
can be given that metallurgical damage will not occur. The cleanliness of both
prod contact faces and the component shall be such to ensure good electrical
contact. Prods shall have a minimum dimension of 10 mm and shall have as
large a contact area as possible. Arcing or excessive heating shall be regarded as
a defect requiring a verdict of acceptability. If further testing is required on such
affected areas, it shall be carried out using a different technique.
Note: Lead contact pads may be used, but only in well ventialted conditions,
because they may generate harmful vapuour which may cause headaches and/or
dizziness.'
Since the lines of force radiate from the prods, correct positioning is essential to ensure
that all possible defects are located. Ideally the prods should be in a line parallel to.
and on the same axis, as the defects being sought.

\H N
VNN vy
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—

Fig. 4.5. Position of prods should ideally be parallel to defects being sought.
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~ carrent value per 1 mm of prod spacing, or 5.3 amps of a.c. r.m.s.; this applies to flat -
areas and slightly curved surfaces, other values are stated for other shapes.

When using prods the ficld streagth shouid normally be checked by the use of flux

r

indicators.
Advantages of the prod technique include: ‘
A.c. or d.c. fields.

Variable ficld strength.
Can be used in confined spaces.
Relatively fast coverage of area under test.

Low voltage output. ‘
No poles to attract magnetic particles. \ i
I"

Disadvantages include:

Risk of creating arc strikes.

Heavy transformer required.

Contacts and small test items can overheat.
Magnetizing methods ather Careful positioning and spacing of prods required.
than the use of prods may Possible to switch on without creating a field.

{eave residual fields, bur . L. . . .
generally speaking. these May leave residual fictd which interfere with next prod positions (see side note).

fields are less likely to
oppose or destructively Contact heads

::::ﬁ:;::;';ﬂ :f: Current flow can also be achieved in regularly shaped items, &-8. bar or tube, applying
magnetizing position. contacts, usually copper gauze, to the ends of a test picce and passing a high amperage.

low voltage current through it This sets up a circular field in the ferromagnetic
material in a direction at 90° to the current flow, therefore the technique is used for
detecting defects parallet to, and up to 45°, of the cumrent flow, e.g. longitudinal
defects in bar.

Irregular shaped items may also be tested by contact heads, although, depending on the
components shape and dimensions, it may be preferable to use an.alternative method.

The BS 6072 recommends the use of the following current values: '
e  For rcgular objects 5.3 amps ac. r.m.s. of 7.5 amps d.c. is recommended per
1 mm diameter; all waveforms 7.5 amps peak.
For irregular, or regular shaped items, using ac., for every | mm of pen'phera”
length x 1.7 amps a.c. 1.mM.S.
Other factors for different current types are listed in the BS 6072.

Cross sectional variations of 1 : 1.5 or more, will require two or more current values.
NOTE: To enable current (T) to be calculated:

Peripheral length = n X diameter

. ipheral len,
Diameter = =

_________—_—_—'_——_——-_—

Induction methods

{aduction MPI methods do not necessarily requirc any contact betwecn the
magnetizing apparatus and the test specimen.

l
ORusne & TP O'Ne.ﬂ.i MT4_6 j
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EESSEN | Threader bt

Sometimes known as the central conductor method. although the conductor need not
always be ceatral. '

The object being examined must be of hollow section and access must be available to
both ends, providing these limitations are met, then a conductor - typically made of
brass, copper or aluminium. and carrying a current - is threaded through the bore, or
aperture, and a curreat passed through it.

This sets up a circular field in the surrounding ferromagnetic material in a direction at
90° to the current flow, therefore the technique is used for detecting defects paralle! to,
and up to 45°, of the current flow, ¢.8. longitudinal pipe defects.

The conductor may be located centrally to the specimen, but on larger diamneters the
conductor is often placed to onc side to ensure sufficient flux strength and the test
piece rotated to allow for surface inspection. Alternatively, two conductors may be
used on farger diameter test picces.

The threader bar technique is ideal for the testing of ring like specimens, especially
because numerous samples may be tested at the same time; lengths of pipe may also be
examined by this method. On site work, this technique is not widely encountered, but
could be modified by using 2 flexible cable instead of rigid conductor.

When using a threader bar that is not covered with insulating material, care should be
waken to ensure that components in contact with the threader bar cannot touch any part
of the magnetic equipment at carth potential.

BS 6072 states that amperage values required will be similar to those used in current
flow techniques.

Area to be inspected
]

Fig. 4.7. Threader bar method using non-central conductor.

© Ruans & TP O'Nelll
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the non-central conductor method, is governed by the following formula: -

=L
15
Where:
1 = the peak current value {(r.m.s. X 1.414 = peak current)

R = radius of the inspected surface

Encircling coils

This technique consists of placing the specimen inside a* coil of tubular or solid
construction, through which a low voltage, high amperage current is passed. The
magnetic field passing through the centre of the coil - typically three or five tums -
creates longitadinal magnetization and is therefore used to detect defects which lie
transverse to the componeats major axis. |

Fig. 4.8 Encircling coils produce longitudinal magnetism in the specimen which
is used to detect transverse flaws. The coil may be flexible or rigid.

For practical purposes only defects which lie within the confines of the coil should be
interpreted although the field will extend for 100 to 150 mm beyond either end.

If the specimen being tested has a small diameter in relation to the inside diameter of
the coil, it should ideally be positioned close to onc side of the coil and rotated to
obtain the best results.

Current values for the rigid coil technique may be obtained from the BS 6072: where
the component occupies less than 10% of the coil cross-sectional area and lies adjacent
to the coil wall the following formula may apply:

f=—K —
(LIDYXN

NI = ampere/tums.
N = the number of turns in the col.
I = the current in amperes.

L =the component length.

D = the component diameter.
(for non circular components D = Perimeter divided by 3.142).

L/D = the ratio of these two values {L=D).
K = the constant (sce below).

© Ruane & T P O°'Nell
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The constnnthakenfmmBSGO’lZ: .
42,000 for the mean value of a d.c. source and for the peak value of any
waveform.
22,000 for an a.c. source (r.m.s. value) and for full-wave rectified current
(mean value).
11,000 for half-wave rectified current (mean value).

The L/D ratio should not be less {han 5:1 or more than 20:}; the ideal ratio is between
12:1 and 15:1.

Example 1:
What ampere/turns would be required in accordance with BS 6072, to test a specimen
200 mm long and 25 mm diameter, using a half-wave rectified current rigid coil?

N/E="?

N=3

L =200 mm

D=25mm
LJD=200mm-:—25mm=8
K = 11,000

N=1p

NI
NI

NI =1375

Example 2:
What amperage would be required in accordance with BS 6072, 1o test a specimen
450 mm long and 50 mm diameter using an a.c. coil with 5 turns?

1=7

N =5 turn coil

L =450 mm

D =50mm
lJD=450mm-:-50mm=9

{ =489 amps

When using any of the curreat flow or threader bar methods, the ficld strength is
largely determined by the current (amperes) flowing in the circuit. When using any

. oa-m&"rro-uem--‘. MT4'9
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foum of coil the field streagth is determined by tho carreat flowing in the circuit and by ™

the number of turns in that coil, thereby obtaining ampere/turns. .
The number of ampere/turns can be applicd to the specimen length in metres to give
the ficld strength unit for coils as ampere turns/meire (AT/m).

Flexible cables "
When a single conductor is used, the magnetic ficld reduces rapidly at increasing
distance from the conductor; this restricts the production of an adequate test area with .
a sufficicatly constant magnetic field. If the current is made to flow in the same
direction through conductors spaced some distance apart, a relatively constant field is
produced.

Flexible cable techniques can be used on a considerable variety of component shapes.
Configurations used arc normally obtained with a heavy insulated flexible cable which

is placed through, on, or around the specimen. A current passed through the coil will
then induce a magnetic field into the test picce.

Flaws

7

Fig. 4.9. Threader cable technique.

Defects lying parallel to the cable will be the most readily detected. On complex
shapes the position and method in which the coil is wound may have to be found by
experimentation to easure an adequate ficld in all areas.

One method of test utilising flexible cables is the adjacent cable technique. This
method of magnetization requires the material being tested to be in close proximity t0
a current flowing in one direction.

The return cable for the electric current must be aranged 1o be as far removed from
the inspection zone as possible and, in alt cases, this distance should be greater than
10d. Where d is the width of the inspection area, expressed in millimetres. .

© Rusoe & TP O'Nelt MT4- 10 ]
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Fig. 4.10. Adjacent cable technique.

When testing radiused corners on cylindrical components or branch joints, ¢.g. stub t0
header welds, the cable may be wrapped round the surface of the component or the
branch, and several turns maybe bunched up in the form of a closely-wrapped coil. In
this case. the surface inspected shall be within a distance, d, of the winding, where d =
N1/30, when NI = number of turns x amps.

Advantages of flexible cable techniques include:
. A.c. or d.c. fields.

e  Large arcas inspected with each set-up.

e  No poles to attract magnetic particles.

e  Ficld strength can be altered.

e  Predictable ficld strengths.

Disadvantages include:

e  Cumbersome long heavy cables required.

e Longer setting up times.

e Heavy transformer required for large amperages.

., O Rusne & TP O'Neill -
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The detecting media should normally be in accordance with BS 4069 - MP! inks and
rs. When inks are used for MPI the test may be referred to as a wer method:

when powders arc used the test may be referred to as a dry method.

The basic requirements for magnetic particles are as follows:

a. Fine grains to reduce the gravitational effect. The maximum grain sizc is
specified in BS 4069 as 200 pm for powder, 100 ym for inks. However, if the
grains are too fine this could coagulate the particles.

Elongated shape for easier polarization. Spherical particles are also needed 10
ensure dispersal over the surface.

High permeability for magnetization in weak flux leakage ficlds.

Low retentivity if particles are to be removed from the test surface after the
test.

High contrast against the background of the test surface.

Dry powders

Dry powders consist of finely divided ferromagnetic particles available in a variety of
colours, e.g. black, grey, red, orange or yellow, some dry powders may also be
fluorescent.

Dry powders are usuatly applied to a surface by means of a puffer device, they should
be floated, not blasted, onto the area under test.

Dry powders should ideally be used with ac. or half-wave rectified current (h.w.rc.)
because of the extra mobility that these current types impart onto the powder.

Dry powders must be used when MPI is being carried out on hot surfaces, a situation
where inks would obviously not be suitable. Dry powders are also encountered for use
on rough surfaces.

Inks

Ferromagnetic particles suspended in a suitable cammier fluid should have the same
basic properties as the dry powders. There are two distinct divisions when dealing
with MPI inks, these being fluorescent inks and non-fluorescent inks. Non-fluorescent
inks arc usually black and referred to as black inks.

In zccordance with BS 4069, the composition of inks shall be as follows:

e  Ferromagnetic particles in non-fluorescent inks should not be less than 1.25%
and not more than 3.5% by volume.
®  Ferromagnetic particles in fluorescent inks should not be less than 0.1% and not
more than 0.3% by volume
Carrier fluid, which may be oil based, e.g. paraffin, or water shall make up the volume
to 100%.
If water is used it should contain additives to prevent comosion of the surface or
particles, and improve the wetting action. Paraffin based products have good welling
action, are odourless. have a relative tolerance to oil or grease on the surface and are
not corrosive.
BS 4069 gives the following method of test for assessing the solid content of magnetic
inks:
Maximum volume of magnetic ink for test should not exceed 5 litres.
Agitate container for not less than 5 minutes.

Pour sample of ink into 100 ml setilement flask (centrifuge type or Sutherland
flask).

Lo 1 2000WYS
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4. Allow tosettle for 60 minutes.
5. Readoffthe solid content to nearest 0.1 ml.

Fig. 5.1 Settrlement flasks used to determine the solid content of MPI inks.

An additional test for fluoresceat inks after settling is to check the suspension fluid
with UV-A light, if a yellow-green fluorescence is observed the ink should be
discarded and replaced with a fresh solution.

fn general it is stated for all inks that:

a. They shall forma uniform suspension when agitated.
b. They shall not contain any other ingredients that are likely to cause injury loﬁ

the operator either during of after use.

The inks shall not corrode or otherwise adversely affect the surfaces of the
workpieces.

They may contain small quantities of other ingredients at the manufacturers
discretion providing the solid conteat remains within the specified proportions.

ﬁ

Health and safety considerations

The supplier of MPI consumables is obliged to make available to the purchaser, all
relevent health and safety data applicable to the supplied goods. The user also has an
obligation to comply with the health and safety requirements. See also the COSHH
Regulations in Unit MTL11.
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m Specific health and safety considerations are: 7 ’
Flammability: Read container labels for flash points. In accordance with BS 4069.

if an oil base is used the flash point when assessed in a closed cup
test shall not be less than 65°C.

Asthmatic: Do not use in confined spaces without masks or adequate
ventilation.

Skin hazard:  Use protective clothing.

- © Roane & T P O'Nelll "
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All areas under test using non-fluorescent inks should be adequately illuminated usii;g
artificial light if necessary. For fluorescent inks, 8 UV-A light with subdued
background lighting should be used, the darker the better.

________——-—_—'—______—-—-_—————'

Non-fluorescent inks and powders

The area under inspection should be evenly illuminated. BS 6072 states a minimum
illumination level of 500 lux in daylight or under artificial light.

—____ﬁ

Fluorescent inks and powders

[o accordance with the BS 6072, the minimum UV-A irradiance level at the surface
being inspected should be 800 pW/cm?® with a maximum background light intensity of
10 lux.

Fluorescence degrades with exposure to ordinary light over a period of several hours,
moreover, it can be armrested entirely at high temperatures. As the intensity of the
ultraviolet light is increased the amount of fluorescence increases.

UV-A light

Ultraviolet light is generated by mercury vapour lamps. The mercury is vaporised
inside a quartz capsuie by a small low curreat arc from an auxiliary electrode. After
about 5 minutes there is sufficient mercury vapour in the capsule to initiate an arc
between the main electrodes. The lamp should not be used for approximately
15 minutes to allow sufficient time for itto attain full working intensity.

Auxilliary starting electrode

\UV-A filter

Fig.6.1. Ultraviolet (U V-A) lamp.

Assessment of UV-A intensity

The efficiency of the mercury vapour lamp can deteriorate quickly without any
obvious effect, therefore the lamps intensity should be checked regularly with an
ultravioler light monitor, such as that specified in BS 4489 - Method for assessing
UV-A light used in non-destructive testing.

BS 4489 gives information and recommendations for the testing of UV-A light
sources, in particular the assessment of emission from new lamps and the regular
testing of any lamps in service which may produce a drop in outpul after
approximately three months use. The test is cartied out using a fluorescent screen and
a photometer.

© Ruane & TP O'Neill MT6-1

ssue | 20/UWPS




FEowe "- VIEWING CONDITIONS

with black frame

Fig. 6.2. Instruments for assessing intensity from a UV-A light saurce.

E——

Safety

UV-A lights operate with wavelengths between 320-400 nm (3200-4000 A), shorter
wavelengths than this can cause injuries to the eyes. To prevent injury, a filter should
be used which cuts out wavelengths below 320 nm.

Looking into a UV-A light will cause temporary clouding of vision due to the fluid in
the eycball fluorescing, it will normalise with no permanent cffects after a few
seconds, aithough it is important to note that prolonged exposure may cause cataracts.

© Ruane & T P O'Neill
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Demagnetization of a specm-u:'-n may be required before testing, between'sn.:ocwsive
shots/magnetizing positions, and/or after testing in order to remove any residual
magnetism in the specimen. :

Demagnetization may be carried out for the following reasons:

NOTES

. To remove any residual magnetism which may remain from previous MPI
procedures or other sources, which may interfere with the subsequent test.

To remove any residual magneiism between successive MPI shots in the test
procedure.

To remove any residual ficlds after MPI has been carried out 50 as not to interfere
with other work processes, €.8. a residual magnetic field may attract cutting swarf
during machining operations and may also interfere with subsequent welding
operations causing arc-blow.

Fig. 7.1. Hysteresis loop showing demagnetization.

There are several methods of demagnetization:

a. Aperture coil with reversing a.c..
This is a coil of several hundred tums which is connected to the mains. The
object to be demagnetized is placed inside the coil and slowly withdrawn to a
distance of at least 1.5 metres away from the coil, or the object is left
stationary in the coil and the current gradually turned down to zero.

Aperture coil with reversing d.c..

This method is similar to the a.c. coil but the demagnetizing field penetrates
further in the test piece. The current direction is reversed periodically, but at
decreasing amplitude until the residual magnetism is removed.

A.c. electromagnetic yokes.
These can be used to demagnetise large areas in situ. The yoke is stroked over
the surface, lifting it well clear (450 mm to BS 6072) between strokes.

A.c. current flow.

When using a current flow crack detector, demagnetization can be carried out
by using a.c. current and slowly reducing the current flowing to zero. A
variation on this method is the peak and drop technique whete the current is
initially introduced at a higher value than the magnetizing current then reduced
to zero, the peak current is then re-introduced at successively decrcased values
whilst returning to zero current after each peak current.

MT7-1
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Flexible cable (induction system). '- e
If a portable induction type crack detector is available, demagnetization can be

carried out by wrapping 2 or 3 tumns of the cable around the object to be_,

demagnetized and gradually reducing the a.c. current to zero. If magnetization

is carried out using the.induction coil, the object under test is automatically,

demagnetized if the current is reduced to zero before the unit is switched off. ‘

Heat treatment. :
It is not necessary to demagnetise if a heat treatment process is to fol!ow‘
magnetic particle inspection and the specimen is to be heated beyond its curie
point, which is approximately two thirds of the-materials melting point,
e.g. 358°C for nickel, 870°C for iron and 1127°C for cobalt. Above this level
ferromagnetic materials lose their magnetism, i.c. the magnetic domains
become randomly orientated.

When a material is to be demagnetized, by methods other than heat treatment, the
initial demagnetizing field strength must be stronger than the residual field.

The level to which a specimen must be demagnetized may be laid down in an MPI test
procedure or specification.

The amount of residual magnetism remaining may be checked with a calibrated fiela
strength meter or existence may be confirmed with other types of ficld indicator.
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m Magneﬁc; field indicators, e.g. flux indicators and field strength meters arc used to
assess the presence, intensity and/or direction of a magnetic flux either before, during.

or after testing. Specific uses of these instruments are as follows:

e  To ensure MPI test machines are functioning correctly.

e  To ensure that the specified field strength and field direction arc apparent.

e  Tocheck for the presence of residual magnetism before testing.

e  Tocheck for the presence of residual magnetism after testing.

Magnetic field strength meters and portable flux indicators should not be used in
conjunction with permanent magnets or with d.c. electromagnets for determining
adequate flux density. A flux indicator may be used with these magnets but only to
verify the suitability or correct application of an ink or powder. A
Circular fields may be contained completely within a specimen, if this is the case, the
field will not be detected.

Many terminologies are encountered when referring to types of magnetic ficld
indicators, which can be confusing. There are also alternative methods other than
those listed below to check for residual ficlds; BS 6072 relates to a method involving a
compass and also a method involving a paper clipon a thread.

________———_-——_—__——;———_
Portable magnetic field strength meters

To measure residual magnetism, calibrated magnetic field strength indicators of the
type which contains a soft iron vane are commonly used. The vane aligns itself with
the magnetic field, the strength and direction of the field is measured by the meter
calibrated in gauss or tesla’s; similar non-calibrated instruments also exist. Neither of
these instruments should be brought into close contact with any strong magnetic fields
as this may cause damage to the instrument.

Fig. 8.1. Field strength meter.

ﬁ

Burmah-Castrol strips

These are small brass or silver finish strips containing artificial defects (3 slots) in Mu
metal: Mu metal is a highly permeable material containing nickel, manganese and iron.
The brass finish strips are commonly used in general engineering applications and
indicate low field streagths. The silver finish strips will show higher ficld strengths
and are used in aerospace industries or areas that require a more critical examination.

© Ruane & T P O'Neill MTS_I
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In cither case, if the field is strong cnough, three linear indications will show an N
strip; they should be rotated on the specimen surface to define ficld direction. :

s

Fig. 8.2. Burmah-Castrol strip.

-
e
Y
e
‘ .

With reference to the brass finish strip (type 1), if no indications arc apparent the field 7Y
is too weak for inspection and it is below 3 amps a.c. r.n.s/mm (240 Oc). Three
indications show that the ficld strength is greater than § amps ac. r.m.sJmm (400 Oc).
With reference to the silver finish strip (type 2). if no indications are appareat the field
ac. r.ms/mm (400 Oc)- Three indications show that the fic
than 15 amps 8. r.m.s/mm (1200 Oe) and the field is suitable for
critical inspection.
Note: The above figures arc based on a mild steel bar.

/
The ASME field indicator

This consists of cight sections of mild steel brazed together, the separating lines
between the sections forming artificial defects. One side also has a chromium coating
applied, this has a greater sensitivity than the opposite side which shows surface
breaking defects.

When the indicator is placed on 3 magnetized component the magnetic ficld passes
through the indicator- The separating lines between the sections become visible when
the detecting media is applied. To determine the direction of the magnetic field the
indicator shoutd be rotated until one of the lines is perfecty visible, at this point the
direction of the ficld is at 90° to the line.

Fig. 8.3. ASME field indicator.
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The Berthold penetrameter

This field indicator contains two artificial defects at 90° to one another. There is a
sensitivity adjustment consisting of a cover plate which can be turned to one of four
settings which vary the distance of the artificial defects from the surface under test; the

greater the gap the higher the field strength necessary to render the lines visible. They
are used in a manner similar to the ASME indicator.

Remnance free ring

Brass top
Fe cylin

Fig. 8.4. Berthold penetrameter.

#

Hall effect meters

These instruments are usually used in laboratory type environments to measure
tangential, normal, or axial ficlds depending on the probe design. Hall effect meters
use, as their name suggests, the Hall effect principle.

An electric current is passed through a small semi-conducting crystal contained within
a probc. A voltage is generated across the crystal, when the probe is placed in 2
magnetic field, the magnitude of this voltage is directly proportional to the magnetic
flux density within the probe. The relative permeability of the semi-conducting crysta!l
is very close to one, so the voltage generated is proportional to the magnetic ficld
strength at the point where the probe is placed. The voltage generated by the probe is
measured by an electronic circuit and indicated on a meter marked in units of ficld

strength.

The Hall effect meter is calibrated with a series of standard magnets which provide
known values of field strength within the working range of the instrument.
Manufacturers supply a zero-field chamber which is required to set the zero. If the
peak value of a time-varying ficld is required, the meter reading is multiplicd by 2
conversion factor, the value of which depends upon the shape of the waveform and
upon the measuring principle employed by the instrument.
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Performance checks to BS 6072

Performance checks arc used to easure an MPI test system is functioning correctly,
i.c. a magnetic ficld is capable of being produced and reproduced so that test results '

-

can be maintained at a consistent level.

Current flow (headshots)
When current flow techniques'are used on bench units, the following test should be ‘
carried out for each wave form available for use:
a. [Ensure the test picce is thoroughly demagnetized and pre-cleancd
satisfactorily. .
b. Position the test picce (sec diagram below) between the head and tailstock of
the bench equipment.
c. Slowly introduce a currcat and apply ink until the first hole (closest to the ™Y
external surface) is visible.
Note the applied amperage and continue to apply the current progressively
until the second and third holes are noted.

3 boles of | mm drilled through
cing «t 1.5, 2.0 & 2.5 mm below
surfaoe (offsct at 25 degrees to

cach other)

Fig. 8.5. Test piece for current flow technique.

Magnetic flow -

If magnetic flow is being used, a similar ure to the above would still apply.
except that dial readings/switch settings would be taken instead of amperage values
and the following test piece would be used.
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The British Standard
recommended test block only
has one test hole, whereas
the Rolis Rayce test block
has five holes.

Fig. 8.6. Test piece for magnetic flow and rigid coil techniques.

Rigid coil
If a rigid coil is being used, the procedure in the section above for Current flow
(headshots) would still apply. except that the test piece used would be as shown in

previous section for Magnetic flow.
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-Adequale reporting is essential for the transmission of relevant and correct information

after the test. Any test repoit should include the information required by the relevant
specification for the work being performed. The 8S 6072 requires the following
information as a minimum:

wark location;

description and identity of the component tested;

date of test;

stage of test, e.g. before or after heat treatment, before or after final machining:

reference to the written test procedure and the technique sheets used;

name of the company;

pame and signature of the person performing the tests;’

the test results. '

If a written procedure is abseat, the BS 6072 also requires the following information on
the report:

description of equipment used;

technique of flux generation;

indicated current vatues and waveform for each technique used;

distance between contact areas or dimensional details of coils, etc;

detection medium used and background;

surface preparation;

viewing conditions;

method of reconding or marking of indications.

A common method of recording indications is to reproduce indications on a scaled
diagram. Indications should be drawn with references to a datum on the test piece.
The diagram(s) should not be overloaded with too much information; use two
diagrams if necessary. A separate diagram showing magnetizing techniques should
ideally be included where it is not obvious which technique has been applied.
Other methods of recording indications are:
a.  Photographs.
b. Clear sticky tape to peel the dried magnetic particles indication from the test
piece.
c.  Propriety lacquers sprayed on wet; when dry the resultant film is then peeled
away with the indication.

d. Magneto-graph.
e.  Magnetic sachets with light sensitive paper backings.

Prior to the recording of indications, it is essential to ensure that the test conditions,
and in particular, the magnetizing levels are as near as possible to the level
recommended for the technique.

If dry powder is used, no preparation is necessary. If any oil based carrier fluid is
used, the surface should be drained and adequately dried. Another possibility is to
retest the workpiece using a magnetic ink made with a volatile carrier fluid.

Preservation of indications to BS 6072

To obtain a permanent record, cither photography or one of the methods given in (a) to
(f) should be used. It is essential that a common datum be established on both the
workpiece and the record and that care be taken not to disturb the indications.

a.  Cover the indications with a transparent adhesive film. Carefully peel off the
film and the adhering indications and reapply to cither paper or card of
contrasting colour.
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Degrease the test surface, cover with a white matt adhesive film.and retest. -""
Afier drying. if necessary, cover the indications with a clear film in the manner
described in (a) anduansfumguhermepairofﬁlmswmcmrdcard.

Spray the tested area with a quick-drying, strippable coating. Strip off this
coating and view the face previously in contact with the workplace, to which
the indications will be transferred.

Heat the workplace to an approved temperature and, without delay, slowly
immerse in a powdered plastic material and slowly withdraw. Allow it to
drain and cure it in accordance with the manufacturers instructions. Strip off
the coating complete with indications from the workpiece and view the face
previously in contact with it. ~

Degrease the test surface and coat with a proprictary, strippable,
magnetic-oxide paint. Magnetise the part to saturation and peel off the
coating. If it is dipped in agitated magnetic ink, it will reveal the flaw
indications on on the oxide film.

Degrease the test area and coat with a proprietary sclf curing magnetic
silicone-rubber compound. Magnetise to saturation and allow the compound
to cure. The oxide in the compound will migrate to the position of any flaw
and, when removed from the workpiece, the rubber previously in contact with
the surface will show the flaw.

Limitations of preservation methods

Methods (a) to (c) above are generally restricted to surfaces of simple geometric form
because of the difficulties involved in removing the films. Method (d) does not
generally produce satisfactorily results from fluorescent magnetic inks as compared
with black magnetic inks.

#

Photographic records

When a photographic record is made, the resulting photograph of the tested surface
should, if possible, be actual size. [f the surface of the workpiece is highly polished,
care should be taken to avoid highlights. The use of a matt-contrast medium applied

prior to testing may be desirable.
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. NOTES _ Magnetic particle inspection using clectrical apparatus can use several types of current,
each form has advantages and disadvantages.

#

Alternating current

For all practical purposes altemating current (a.c.) is used to detect surface defects.
A.c. does not penetrate deeply into the metal but produces a high density field near the
surface of a ferromagnetic conductor, this characteristic is called the skin effect and
will emphasise surface breaking discontinuities, e.g. fatiguc or stress induced cracks.
The skin effect is caused by the concentration of eddy currents near the surface of the
specimen; eddy currents are only produced by an alternating current.

.

L

Fig. 10.1. Alternating current.

If surface breaking defects are the prime consideration for detection, then an additional
advantage of a.c. is that less relevant indications from sub-surface discontinuities are
not created by the low penetration capabilities of this type of current. which may
otherwise distract the inspector,

Other advantages of a.c. include:

e  Current at required values can normally be obtained directly from the mains
supply, or via simple transformers.
A.c. machines are relatively inexpensive, are easy o maintain and have basic
operating characteristics.
Due to the current form fluctuation (negative to positive), magnetic particles will
vibrate and readily align themselves to flux leakages; this enhances the definition
of defect indications.

If after magnetization the current is reduced to zero via a rheostat or step down
device the component is automaticaily demagnetized.

Disadvantages:

¢ The main disadvantage of a.c. is that it will only detect surface defects with any
degree of reliability.

ﬂ

Direct current

A major advantage of d.c. for magnetization is its deeper penctration into the metal
thus enabling sub-surface discontinuities to be revealed. D.c. also leaves residual
magnetism which will hold an indication and allow more time for evaluation of the

© Rusoe & T F O'Nelll N MTlO'l
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indication, however residual magnetism is not always an advantage and may pm"' B
problems if complete demagnetization of the component is required. .
D.c. current may be obtained in various forms, cither from batteries or rectified a.c.,
each having their own advantages and disadvantages.

Direct current from battery packs ‘
|

| . | Y
T

Fig. 10.2. Direct current from battery.

Advantages include:
e Does not require mains electrical supply.
e  Sub-surface defects may be detected.

Disadvantages include:

e Weight of batteries.

e  Limited battery life (high current draw).

e  Continuous curreat flow does not produce particle vibration and will not
therefore enhance defect detection. Because of this, continuous d.c. should not o
be used with dry powders which require a pulsating magnetic field to provide
mobility to the powder when it lands on the test surface.

Half-wave rectified current

H.w.r.c. is achicved by removing all the negative current values from a.c. allowing xhc.,‘
positive half cycles to remain, this current may be considered to be a form of d.c. with \
all the associated characteristics of this current form with the added advantage of a

pulsating wave.

Fig. 10.3. Half-wave rectified current.

© Ruane & T P O'Neill
Lscue L 200093
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Since h.w.r.c. will leave a componeat partially magnetized it is usually packaged as an

ac/h.w.r.c. unit so that the ac. is available for demagnetization.

Advantages include:

] Will detect sub-surface defects.

. Will detect fine surface breaking defects.

. Simple, effective and inexpensive current form to achieve.

. Due to pulsating curreat the magnetic particles will vibrate and provide greater
attraction to flux leakages.

Disadvantages:

e  May leave the part partially mﬁgnctized.
e  Full-wave rectified current.

Full-wave rectified current

F.w.r.c. provides the most efficient conversion of a.c. power to d.c.. With this current
form the negative half cycle of an a.c. waveform is removed from below the zero line
and reversed to make all values positive (or vice versa).

Peak

Fig. 10.4. Full-wave rectified current.

Advantages include:

. Detection of sub-surface defects.
. Simple and efficient means of providing direct current.

Disadvantages include:
More expensive than h.w.r.c..
Particle vibration and mobility reduced.
Higher current requircments than a.c. or h.w.rc..
Can produce demagnetization problems.
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T |
Scope
The Control of Substances Hazardous to Health Regulations 1988 came into force Ist
October 1989. These regulations, referred to as The COSHH Regulations, define a

substance hazardous to health as:

a.  a substance listed in part 1A of the approved list as dangerous for supply, see
Classification, Packaging and Labelling Regulations 1984(b) - nature of risk
classified as very toxic, toxic, harmful, corrosive of irritant.

one which has an MEL in Schedule 1 of COSHH or it the H & S Commission
has approved an OES.

a micro-organism which creates a hazard to health.
dust in air {when substantial).

a substance comparable with the above .

. The COSHH regulations are not applicable to the control of lead. radicactivity,
explosive or flammable properties of materials, high or low temperatures, high
pressures, medical treatment or below ground work (mining).

S ———

Responsibilities
The exposure of an employee to substances hazardous to health is under the control of
the employer. A training organisation is responsible for exposure by trainees.

Employers must prevent exposure 10 substances hazardous to health, or conatrol
exposure when total prevention is not reasonably practicable. Personal protective
equipment, ¢.g. masks, are a second choice for control.

Employecs have a duty to report any problems in exposure control procedures or any
defects found in protective equipment.

Employers must keep records of examinations/monitoring tests carried out. These are
kept for 5 years; 30 years for identifiable employees.

—f

Occupational Exposure Limits (EH40)

The Guidance Note EH40, entitled Occupational Exposure Limits, is a document
published by the Health and Safety Executive which gives occupational exposure
limits for substances hazardous to health.

A solvent, which is a substance hazardous to health, has its own occupational exposure
limit as given in EH40.

The toxicity value of a solvent is expressed in parts per million (ppm). €-8-the
- nal occupational exposure limit for xylene is 100 ppm, this means 10 say that if the air
£ occupatio exposure Containcd Xylcnc cxming lw ppm [_he air would be considerw to bc a signiﬁcanl

limit for xylene is an
occupational exposure hazard to health.

standard (OES). therefore There are two types of occupational exposure limit:
the OES is 100 ppm.
{. Maximum exposure limit (MEL): "is the maximum concentration of an airborne

substance, averaged over a reference period, to which employees may be exposed
by inhalation under any circumstances and is specified, together with the
appropriate reference period, in Schedule 1 of COSHH."

'om-afro'mm ” MTll-l
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Occupational exposmmnda:d (oﬁé): “is the concentration of an sirborne *

1

substance, averaged over a reference period, at which, according to cumrent
knowledge, there is no evidence that it is Iikely to be injurious to employees if
they are exposed to inhalation, day after day to that conceatration, and which is
specified in a list approved by HSB."

When a MEL is specified, cxposures must be kept as low as is reasonably practicable,
but always below the specified value.

An OES should not be exceeded, but, an exposure over the limit is acceptable
providing that the reason for exceeding the OES has been identified and measures are

taken to reduce the exposure below the OES s soon as is reasonably practicable.




LEVEL 2 - MAGNETIC PARTICLE TESTING - GENERAL
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RESULTS:

A desirable property of magnetc particles used for the inspection medium for either the dry
or wet method, is that they:
@ possess high permeability.
~  possess high retentivity.
C. be non-magnetic.
D. all of the above.

The accumulation of particles held at leakage field on a components surface is called:

X a discontinuity.
a defect.
an indication.
magnetic writing.

If a copper conductor is passed through a fegrous cylinder and a current is passed through
the conductor, then the magnetic field (flux density) in the cylinder will be:

@ the same intensity and pattern as in the conductor .
than in the conductor.

(? ess than in the conductor.
the same regardless if its proximity to the cylinder wall.

A magnetizing force of one oersted produces:

. 1gauss
1 Tesla
1 Weber
. 10° Tesh
Materials which are repelled magnetically are called:
pmmagnc:tic.

dismagaetic 856072 Methady for MPL

C. ferromagnetic.

5. non-magnedc RS 4069 Inky.
RS 3683 Temwn.
855044 Conefast P

oo ~
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How many gauss in a tesla? - '?i?i‘ i o TR

A 107

B. 10% R

C 10'000.000- . £y ‘- 1 ( "-_:, . 1,
10,000. R, S

e et
S

.tf.—':’.‘-—-"sﬁ-‘:;-::-&—'—"'-'-"-;:-'-' S '._. s

The end of a bar magnet at which the lines of force (ﬂux) arc thought of as entcrmg the bar l

iS: ‘; ’w‘-*{‘Ii._ ‘7‘.,-"__ .
the south pole.

. the north pole.

C. both the north and the south pole.

D. the ferromagnetic end.

An ASME indicator/penetrameter may bc used in MPI '
to detect diamagnetic wandering. T .
mas:mﬂarmannatoaBenhold pcnetra_mcm BMTY ‘EFN i
to measure fluorescent ink suspensions. - e PQ' 5‘

P. tocheck the drying time of contrast pa.mt. i -_: SRR

A

What is the curie temperature of ferromagncuc matenal'? A e

The temperature at which it becomes radioactive. T
B. The temperature at which it loses its radioactivity.
The temperature at which it loses its magnetism.

The temperature at which it becomes magncuc.

- ..Wu -

10. The build upofa non-relevant indication due to a sharp contour change m thc test
component is referred to as:

@ ﬁgcmgCorrq cf Term AR

D. aTesla i “‘.ﬂ""s,d AaTa 4T andl

11 WhichBﬁﬁshStandardrelatcsspcciﬁcallytoMleksandpowdu’s? ~ -_ -

ERORRS L 8

J A. BS 6072. '
BS 4069. -

BS 3683.

D. BS 6443.

12. A S turn coil around a pé.rt produces:

oy
/ (A) alongitdinal field.
R. acircular field.
C. cither a circular or longitudinal field depending on the direction of curreat flow.
D. an intermittent field. Co




. 'Which of the following MPI test methods may bc used for detecting longitudinal defects on

pipe extemnal surfaces:

The threader bar method.

Rigid coils around the pipe.

Flexible cable wrapped around the pipe making a coil.
All of the above.

‘B’ and ‘C’ only.

. The strongest magnetic ficldina coil is at the:

16.

18.

A. centre.
B. end

outside edge.
inside edge.

. 'Which of the following will produce circular magnetism:

{% {%;Qf:‘zsirg*cc;rentt}mughacoil. HC—W&M W'Wg

D. All of the above.

1 Weber per m' is: HDC(E';FSOTP Eﬂr zl'f““ c:e. G}P'

a measurement of flux density, which equals 1 line of flux per cm'.

a magnetizing force which produces 1 line of flux per cm’.
cqual to 1 Tesla.
D. anew term which has replaced ocrsted.

. How many amps arc necessary fo testa 25mm diameter, 200mm long, round steel bar with a

5 turn DC coil, in accordance with the requircments of BS 6072

. 4000 :

$mm Yt
256 amps.

@ 800 amps.

In accordance with the relevant British Standard, what is the specified percentage of
fluorescent particles to the base:

A 125t03.5%— Black -
0.8 t0 3.5%.
0.1t100.3% — 5-\00 re,sce-nt
D. 03w0.8%

-‘

-

. ‘H’ on a B and H curve (hysteresis loop) represents:

A, magnetic flux.

%; magnetic flux density.
magnetizing force.

D. the saturation point.




ced inside a 5 turn coil, the’ :fx'ri‘pg-age tequued © magncncally saturate it ‘

. A copper baris pla
will be: - ’d Lo
A. intherange of500 0 1000 amps. - iy ._.:;:“ LAY potoy

B. dependant on the 1/d ratio. :.%‘%\f‘m:

lower than that used for steel. v
It is not possible to magnetically saturate a copper

.- ...-_,.,- -~

current type provides the deepwt pcncuanon when dcmagneuung?
AC. ".:ﬁﬁn _,.mnnmﬂ;”

DC reversing periodically.
C. HWDC.
D. The above current types cannot be usod for

,—-,.—.

'n!-

. What is coercive force?

L R e :&}d«uf\ e
maguet usually mwsured"
. 4..1,_,[_ s ;._: -nﬂi,)l‘

A, In ampere tums

@ ByhftmgaSpeclﬁedwclghtofstecL N DC = |& "'516:”‘“
C. Byeompmngltagamstamagnm | - “300'"“ OA-mPﬁ ?l

D. InocrstedSpcrmchofﬂuxpath.

. What sort of magnetic field is at one end and a

south pole at the other? _ U
~urreat flow. U SR ‘,: ‘
Ci.rculal' L Saew S R
- Longitadinal. _ i o LY. -V SO
D. Induced. ’ o TapiBIT ﬂ
e 6 2

25. What would the hysteresis loop for magnzuc mk pamdcs look hke?

Narmwmcompansonwxﬂnhatforamagnct. _ .
Widcmcompanson with that for amagnet. --.- ... o mALETCITT e

C. Completely circular. amoITa
@ Itisnotposstbletohavcahysmwsloopformgneucpamclw .

jome—

26. An example of an instrument for measuring the. dnecuon ofa magncnc field i is ealled a

A. Burmah-Castrol strip. i
B ASME.pcnmmctcr

Berthold penctrameter.
All of the above.
27. Whylsuwncoﬁcnusedwimdrypowdas.asopposedmDC?"

attracted to leaka, fields caused by a direct current-

residual field wi a direct current.

Because grea ility i achieved whcn it lands on the test surface.

D. A.C.or HW.D.




are surfaces breaking cracks best detected with A.C. as opposed to D.C.?

Because of the skin effect produced with A.C.
“ Because D.C. cannot detect surface breaking defects.

C. Because A.C. magnets are cheaper.
D. Itis preferable to use D.C.

29. When checking a weld for defects with a pcrmanent magnet, the magnet should be placed:

A. transversely over the weld to look for longitudinal defects.

longitudinal with the weld to look for transverse defects.
at 45° to the weld to look for both transverse and longitudinal defects at the same

&
time.
" normally in positions ‘A’ and ‘B" if specification does not state otherwise.

30. Which of the following statements is always true?

A. MPI is better than dye penetrant testing.
B.# Fluorescent inks are always yellow/green.
7 MPI can only be used on ferromagnetic materials.

All of the above.

Flexible Cably TW %

ol v~ BO\AD\DMWM wach il
reeommended. of dapt 10mmn |
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1 RADIOGRAPHIC TESTING —OVERVIEW
1.1 Principles
Radiography is carried out using x-ray machines or artificial gamma sources (radio-isotopes).

X-rays or gamima rays pass through the object to be radiographed and record an image on a
radiographic film on the opposite side. The radiation reaching the film will be determined
by the objects thickness and density, e.g. lack of root penetration in a weld will increase the
amount of radiation falling on the film in that area due to a reduction in thickness.

It is the wavelength of the radiation which governs its penetrating power, this is governed
by the kilovoltage (kV)' when using x-rays, and isotope type with gamma rays’. Theintensity
of the radiation is governed by milli-amperage (mA) when using x-rays, and by the activiry
of the isotope type with gamma’. :

When the film is processed a negative is produced. The thin areas of an object will be darker
than the thicker areas, therefore most weld defects will show up dark in relation to the
surrounding areas, exceptions are excess weld metal, spatter, copper inclusions and tungsten

inclusions.

1.2 Radiographic quality .

An overall assessment of radiographic quality is made by the use of image quality indicators
(IQI" 5)—these usually consist of seven thin wires decreasing in thickness. They are
pre-placed on the weld being examined and therefore show on the radiographic fitm. The
more wires visible the better the sensitivity.

The density—degree of blackness—of a radiograph is also measured to ensure it lies within
a specified range for opimum quality.

1.3 X-radiography versus gamma radiography

.

X-radiography requires bulky and expensive machinery in comparison with gamma
radiography, but x-radiography generally produces better quality radiographs and is safer.
X-ray machines can be switched on and off, unlike gamma sources.

1.4 Capabilities and limitations of radiography

A major advantage of radiographic testing is that a permanent record is produced, i.e. the
radiograph.
A major limitation of radiography is that it will only detect defects which have significant

depth in relation to the axis of the x-ray beam®, i.e. radiography will not usually detect plate
laminations, lack of inter-run fusion or cracks perpendicular to the x-ray beam.

2 X AND GAMMA RADIATION

2.1 General

Radiation can be either electromagnetic energy, €.g. heat, visible light, infra-red, ultraviolet,
x-rays, gamma rays, or corpuscular energy (sub-atomic particle energy), e.g. electrons,
alpha, beta, neutrons.

=y
1 For x-radiography 150-300 kV is typically uscd on stecl weldments up to approximately 40 mm total
thickness.

2 Cobalt 60 (Co60) has a very high penctrating power—very short wavelcngth— and can be used on materials
up to 200 mm thick. Indium 192 (Ir192) is commonly used on steel weldments up to 50 mm thick— this
therefore produces longer wavelength radiation compared to Co60.

3 Activity is measured in Curies (Ci) or gigabecquerels (GBq).

4 As a rough guide: the minimum through thickness depth of a defect capable of being detected is 2% of the
wall thickness in the same axis as the x-ray beam.

N (e 0
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Ionising radiation causes the charging of particles, i.c. the formation of ions, in a medium
such as air or radiographic film. Ionising radiation may be electromagnetic or corpuscular

energy.

The two types of radiation we arc mainly concerned with in industrial radiography are x-rays
and gamma rays'.

X-rays and gamma rays, like all types of electromagnetic radiation, are emitted in minute
energy packets known as photons or quania; x-rays and gamma rays only differ in their
source of production.

2.2 Properties of x-rays and gamma rays
Both x-rays and gamma rays have the following properties:

They have no effect on the human senses.

They have adverse effects on the body tissue and blood.

They penetrate matter.

They move in straight lines.

They are part of the electromagnetic spectrum and therefore travel at the speed of
light - 3 x 10° ms™. .
They obey the inverse square law.

They ionise gases.

They may be scattered.

. They effect photographic emulsion.

0. They make certain materials fluoresce.

1. They may be refracted, diffracted and polarized.

— 0NN AW

2.3 Measuring radiation

Wavelength

The wavelength of x-rays and gamma rays is measured in nanometres (nm), lnm = 10°m,
or angstroms (A), 1A =10"m. The wavelength of electromagnetic radiation governs its
penetrating power: the shorter the wavelength the greater the penetrating power.

Short wavelength radiation has an adverse affect on final radiographic quality; it also more
dangerous to living matter.

Radiation exposure

The unit of radiation exposure—which is related to the ionisation of air—is the -
coulomb/kilogram. The old unit, the roeatgen, however is still widely used.

1 roentgen = 2.58 x 10 coulomb/kilogram (C/kg).

Absorbed dose

The unit used for measuring how much radiation has been absorbed is the gray. 1 gray =
1 joule/kilogram (J/kg), therefore the gray relates to energy acting on matter.

The old unit for absorbed dose—the rad—is still encountered; 100 rads = 1 gray.

Biological effect
The unit used for measuring the biological effect of radiation is the sievert. 1 sievert =
1 joule/ldlogra.nl‘ (J/kg), therefore the sievert also relates 1o energy acting on matter.

The old unit for the biological effect of radiation— the rem—is still encountered; 100 rems
= | sievert.

1 Other forms of radiation are also involved in producing an image on radiographic film.
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2.4 Gamma ray generation

Gamma rays used in industrial radiography are emitted from artificial radioactive
isotopes'—if a material is radioactive it spontancously emits corpuscular and
elecuomagnetic energy—the gamma radiation is a by-product produced from the
disintegration of the radioactive isotope.

The activity or strength of a radioactive isotope is expressed in curies (Ci) or becquerels
(Bg). The higher the activity value, the greater the intensity of gamma rays produced.

1 becquerel = 1 disintegration per second;
3.7 x 10" becquerels = 1 curie;
therefore: 3.7 x 10" disintegrations per second = 1 curie.

For industrial radiography, it is usually more practical to talk in terms of gigabecquerels
(GBq):

Giga = 10°

1 gigabecquerel = 10° becquerels

37 gigabecquerels = 1 curie,
Radioactive isotopes are used taking into consideration their half-lives; the half-life of a
radioactive isotope is the time it takes for the activity todrop to one-half of its initial strength.

The activity of a radioactive isotope does not relate to the penetrating power of the gamma
rays produced; penetrating power depends on the wavelength of the gamma rays produced
and thisdepends on the specific radioactive elementinvolved. For example, cobalt 60 (Co60)
has a very high penetrating power—up to 200 mm of steel —because the gamma radiation
emitted has a very short wavelength.

There are three main radioactive isotopes used for industrial radiography: iridium 192
(Ir192), cobalt 60 (Co60) and Yuerbium 169 (Ybl169).
2.5 X-ray generation

X-rays used in industrial radiography are produced from electrical machines usually referred
to as x-ray sets; the x-rays themselves being produced from within an x-ray tube or insert.

An x-ray tube consists of an evacuated glass bulb, enclosing an anode—the positive
electrode, and a cathode —the negative electrode. The cathode contains a filament within
a curved reflector or focusing cup.

When the filament is heated to a white hot state by a current flow of a few amperes, electrons
are emitted and are attracted towards the anode® in a concentrated beam formed by the
focusing cup. The beam strikes a farger set into the anode which results in the release of
energy; this energy consists of approximately 97 to 99% heat and 1 to 3% x-rays for
conventional x-ray tubes up to 300 kV.

1 A radioactive isotope is an unstable statc of a chemical element which has a different mass to the normal stale
of the same element

2 The anode is sometimes referred (0 as the anti-cathode.
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Focusing cup \

Because of the high amount of heat energy produced, the anode is made from copper to
conduct the heat away. But, copper has alow melting point, so to prevent the copper melting,
a slip of metal with a high melting point is recessed into the anode at the point which is struck
by the electron beam.

This slip of metal also serves another purpose, because, the higher the atomic number of the
element struck by electrons, the greater will be the intensity and energy of the x-rays produced.
This slip of metal, or target, is usually made of tungsten because of its high melting point of
3370°C, and its high atomic number of 74.

The area on the target which is struck by the electrons is called the focal spor; this area should
be large enough to avoid local overheating, although from the radiographic image quality
point of view, the focal spot should be as small as possible to provide good definition
(sharpness) on the radiograph.

Additional cooling is required to cool the anode; gas, oil or water normally being employed
for this purpose.

The cooling system and the insert are contained together in an earthed, lead lined container,
the complete unit commonly being referred to as the x-ray rubehead. The tubehead is
controlled from the control panel.
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2.6 The x-ray equipment control panel

To warning system

To xwraytube
(20 m minimam cabls iength)

The three controls that govern a radiographic exposure using x-rays are the timer, the mA
control and the kV control.

2.6.1 Timer

The timer is usually calibrated in minutes. The exposure timne for an exposure is preset;
when the equipment is activated, the timer counts down from the preset value. The
exposure time will partially govern how much radiation is going to reach the film.

2.6.2 Milliamps (mA)

The mA controls the intensity or quantity of x-rays. When the mA is increased, the
current flow through the filament is increased, which causes the filament to get hotter
resulting in an increase in the intensity of electrons released. The greater the intensity

of electrons striking the target, the greater the intensity of the x-rays produced.

The mA control on conventional x-ray equipment may only allow for a maximum of 6
to 12 mA to be used, the value being measured across the tube, i.e. between the cathode
and the anode. The value required for a specific exposure is usually preset on the panel,
this value is usually at, or close to, the maximum mA possible with the equipment for
the purpose of minimizing exposure time.

2.6.3 Kilovoltage (kV)

The kV govens the wavelength or quality of x-rays produced which practically governs
penetrating power. When the kV is increased, the speed of the electron flow from the
cathode to the anode is increased. Therefore, when the electrons strike the target, the
kinetic energy is increased, which results in a reduction of wavelength.

An increase in kV, i.e. a shortening of wavelength, has an adverse affect on the conirast
and definition of a radiographic image. Centain standard specifications, €.g. BS 2910 :
1986 : The radiographic examination of fusion welded circumferential butt jointsin steel,
state maximum kV values for this reason. '
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The kV meters on the control panels for conventional x-ray equipment are peakkV values
measured across the tube, i.. between the cathode and the anode. The maximum kV
which can be used is primarily governed by the tubehead; typical maximum values are
200 kV, 250 kV and 300 kV. The value required for a specific exposure is usually preset
on the panel.

2.7 Comparison of x and gamma rays for industrial radiography

2.7.1 Safety

Using x-ray machines is normally safer than using gamma sOurces because x-ray .
machines may be switched off like a light bulb, whereas there is a constant emission of
radiation with a gamma source. Gamma sources must always be returned totheir shielding
containers when not in use.

2.7.2 Quality of radiographic images

Assuming variables suchas test material thickness, film type etc. remains constant, X-rays
produced by conventional x-ray equipment, say up to 300 kV, produce better quality
radiographic images than Ir192 or Co60 isotopes, because these x-rays have longer
wavelengths than the gamma sources.

Ytterbium 169 (Yb169) may produce radiographs comparable to those produced by using
X-rays. :

2.7.3 Handling

Gamma sources are easier to handle ‘in comparison with bulky and fragile x-ray
equipment. The size alsoallows for gamma sources to be used in difficult and inaccessible
areas for x-ray machines, e.g. on pipe racks.

2.7.4 Cost
Gamma sources and containers are much cheaper than x-ray equipment.

2.7.5 Versatility

The intensity and wavelengths of x-rays can be adjusted from the x-ray control panel.
The intensity and wavelengths of gamma radiation cannot be adjusted, although the
intensity (activity) reduces with time—see half-lives.

Certain gamma sources have a very high penetrating power which enables them to be
used on very thick material, e.g. 150 mm steel. Most conventional x-ray machines will
not penetrate more than 50 mm of steel although there are huge x-ray machines, €.8. the
linear accelerator and the betatron which can produce radiation of a wavelength which
can penetrate as much as, and usually more than, gamma radiation.
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3 RADIOGRAPHIC FILM
3.1 The make-up of a radiographic film

Radiographic film is usually made up of seven layers: a central base layer and three coatings
on cither side consisting of a subbing layer; emulsion and supercoat.

Supercoal
Emuidon
Subbing layer.

Base

The physical characteristics of emulsion do not allow it to be used by itself without support,
therefore it is applied to a substrate known as the base. The base must be transparent',
chemically inert and must not be susceptible to expansion and contraction. Glass is an ideal
substrate to meet these requirements, but for applications where the objects to be radiographed
are curved, €.g. on pipes, it is necessary fora flexible base to be used. Polyester and cellulose
wiacetate, although not quite as stable as glass, are widely employed for such applications.

Subbing layer (substratum)

The subbing layers adhere the emulsion to the base; the material employed for this is gelatine
plus a base solvent.

Emulsion ' '

The layers of primary importance are the two emulsion layers. These layers consist of
millions of silver halide crystals—usually silver bromide; the sizes of the crystals are usually
between 0.1 and 1.0 micrometres (m) and are suspended in a gelatine binding medium.

Film emulsion is produced by mixing solutions of silver nitrate and salts, such as potassium
bromide, with a solution of gelatine. The rate and temperature of mixing governs the grain
size; rapid mixing at low temperature produces the finest grain structure, whereas slow
mixing 2t high temperature produces emulsions with larger grains. When large grain
structures are required, to produce a fast emuision, some silver todide is usually included in
the formula.

The sizes of these crystals and the distribution, effect the final radiographic
quality/appearance; thelarger the crystal size the greater the sensitivity to radiation. Various
shapes of crystals exist, but these shapes have virtually no effect on the final image.

The reason for two layers of emulsion is to give a faster film speed, i.e. the radiographs can
be produced quicker, and higher radiographic contrast.

Supercoat (anti-abrasion layer)

Radiographic emmulsion is susceptible to mechanical and chemical damage, so to prevent, or
at least reduce this, the emulsion is coated with a layer of hardened gelatine.

Although the supercoat offers some protection against chemical attack, €.g. oil from the skin
during handling, it must allow for chemical reactions to 1ake place in the processing tanks.

1 In practice the basc will not be totally transparent and thercfore will possess some photographic density.
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3.2 Film types

Radiographic film may be graded in terms of grain size or speed":

Ultra fine grain—exceptional radiographic quality but very slow speed.

Fine grain—slow speed.

Medium grain-—medium speed.

Coarse grain— poor radiographic quality but fast speed.

Radiographic films are also divided into two types: direct-type or salt screen type.
Direct-type films are intended for direct exposure to gamma or x-rays or for exposure using
lead intensifying screens. Some of these films may be suitable for use with fluorometallic
or salt (fluorescent) intensifying screens. B
Salt screen type films are designed to be used exclusively with salt (fluorescent) intensifying
screens. They are able to produce radiographs with minimum exposure and are widely used
in medical radiography.

3.3 Film speed

A film factor is a number which relates to the speed of a particular film and is obtained from
a films characteristic curve; see Appendix C.

The SCRATA scale is a scale often used for film factors; the smaller the film factor the faster
the film. Film manufacturers may have their own scale which may work in the same or
opposite way to the SCRATA scale.

Example to the SCRATA scale:

A film with a factor of 10 will be twice as fast compared to a film with a factor of 20.
This means to say of the film with a factor of 20 took four minutes to expose, then the
film with a factor of 10 will require two minutes to give the same density.

Types of film with their corresponding SCRATA film factors:

ﬁ

l Manufacturer Speed Grain Film Factor
W

Agfa Gevaert Fast Coarse

Dupont Fast Coarse

Dupont Medium® Fine
Kodak Medium Fine
Kodak Medium Fine
Agfa Gevaert Medium Fine

Dupont Slow Very fine
Agfa Gevaert Slow Very fine
Kodak Slow Very fine

Agfa Gevaert - Very slow Ultra fine

| The terminology used for grain size and speed can be misleading. The terms used are usually relative, €.8- 2

finc grain film may be considered to be fast or slow depending on what it is being compared againsL.
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4 INTENSIFYING SCREENS
4.1 General

A radiographic film is normally sandwiched between two intensifying screens when exposed
{0 X-rays or gamma rays. Intensifying screens have an extra photographic effect on the
emulsion thereby reducing the exposure needed to attain the required density.

There are three main types of intensifying screens:

1. Lead screens'.
2. Fluorescent (salt) screens.
3. Fluorometallic screens.

Close contact between screens and film is essential in order to obtain sharp images. Screens
must be kept free from dust and scratches, if this is not done they may be seen on the
radiographic image—especially in the case of fluorometallic and fluorescent screens.

4.2 Lead screens

Lead screens consist of a thin lead foil of unifonm thickness, usually stuck onto a thin base
card in the case of reusable screens, or stuck onto a thin sheet of paper when used with
pre-packed film. :

Lead screens intensify the image by emitting beta radiation (electrons) when struck by x-rays
or gamma rays of sufficient encrgy. The intensification action is only achieved with x-rays
above approximately 120 kV and gamma rays above similar energy levels.

Lead screens will also improve the radiographic image by partially filtering out scatter
radiation”.

Two lead screens are used; the thicknessof the front screen must be matched to the wavelength
of radiation being used, so that it will pass the primary radiation while stopping as much of
the secondary radiation as possible.

The screens are usually between 0.02 mm and 0.15 mm thick and are commonly both the
same thickness, e.g. 0.125 mm; this avoids the problem of accidently loading a cassette with
the screens the wrong way round!

The rear screen cuts down the effect of back scattered radiation.

Lead screens are pliable and should be handled with care if buckling is to be avoided. if the
lead screens are to be used more than once, €.g. in casseiles as opposed to roll film or
pre-packed film, they become dusty and should be frequently dusted with a fine brush. If
screens become too dirty or splashed with liquid, they may be cleaned with cotton wool
damped with a weak detergent solution. When the screens become too scratched or dirty
causing the radiographic quality to be impaired, they should be replaced by new screens.

4.3 Fluorescent (salt) screens

Fluorescent screens are made up from micro crystals of a suitable metallic salt, usually
calcium tungstate, applied 1o a supporting thin base card.

These screens, when subjected to x-rays or gamma rays, emit light radiation to which the
film is sensitive. This light radiation is in direct proportion to the received radiation and
results in a large increase of effective radiation.

1 Other metallic screens exist for less common applications.

2 Scatter radiation has a longer wavelength than the primary beam from which it is derived and is therefore less
pencuraling; sce also Appendix B.
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There are two types of fluorescent screen:

1. High definition (fine grain) screens
2. High speed or rapid screens

The intensification action of high speed screens is at least twice that of the high definition
screens. '

A radiograph obtained using fluorescent screens will have lower definition compared to a
radiograph taken using lead screens or no screens, and the image produced has a grainy
appearance due to the screens salt grains.

Because of the resulting loss of image quality, fluorescent screens are only used where
essential, to avoid excessively long exposure times, €.g. on thick walled specimens.  ~

4.4 Fluorometallic screens

Fluorometallic screens are a combination of a salt screen and a lead screen; they are made
up of from a base card, a lead layer, a salt layer (calcium tungstate) and a thin protective
layer.

There is more than one type of fluorometallic screen:

Type 1 —for x-rays up to 300 kV.
Type 2—for x-rays 300- 1000 kV, Ir 192.
Type 3—for Co60.

Providing the correct type of fluorometallic screen and film are used with the range of
radiation being used, substantial reductions in exposure time or kV can be achieved. Because
the lead layer will partially filter out scatter radiation, the image produced on the radiograph
will be better than one obtained using fluorescent screens, but the image will still retain a
grainy appearance due to the salt crystals.

These screens are not commonly used due to high cost. Their application is similar to those
applications where fluorescent screens may be used, i.e. on thick walled specimens.

4.5 Comparison of intensifying screens

Screen type Order Intensification | How intensification
of image " factor’ is achieved
quality

Lead 2-3 Beta particles and
characteristic x-rays

Fluorescent Light radiation

Fluorometallic Light radiation

None A N/A

—d]

1 The intensification factor relates to the reduction in exposure time, €.g. an intensification factor of 3 will
reduce exposure from say six minutes (o Iwo minutes.
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5 IMAGE FORMATION

When radiation passes through an object it is differentially absorbed depending upon the
thickness and any differing material densities. The radiation finally emerging at the film side
of the object will largely determine the final characteristics of the radiograph.

The portions of radiographic antities of actinic radiation' undergo
minute changes. Th aked eyc and also invisible
when using conventional miCroscopes; this hidden image is known as the larent image. The
latent image can be defined as the hidden image on a radiographic film after exposure to actinic

radiation but before development.

Therefore, radiation alone does not convert 2 radiographic film into a visible readable image.
The sequence of processes to attain a radiographic image are as follows:

1. The silver halide.crystals which have absorbed a sufficient quantity of radiation are
partially converted into.metallic silver—this is the latent image.

2. The affected crystals are then essentially amplified by the developer; the developer
completely converts the affected crystals into metallic silver.

The radiograph attains its final appearance by fixarion; the fixer removes the unexposed
and therefore undeveloped crystals.

6 FILM PROCESSING
6.1 General
Film processing may be carried out manually or by using automatic film processors.

Manual film processing takes place ina darkroom under the illumination of safelights which
usually consist of ordinary light bulbs behind orange filters. Other colours for filters exist,
but the colour chosen must emit light of a wavelength which does not detrimentally affect
the emulsion.

The darkroom should preferably be divided into two sides, a dry side for loading and
unloading of cassettes and a wet side for processing; this is so the films are not splashed
prior to development. The wet side of the darkroom will usually have five tanks arranged
in the following sequence:

1. Developer tank.

2. Stopbath or rinse tank.
3. Fixer tank.

4. Final wash tank.

5. Wetting agent tank.

When the exposed film has been unloaded from its cassette, it is placed into a frame, or spiral
if its a long film, and placed into the developer.
6.2 Developer

Developer is usually supplied as a liquid concentrate and is to be dih-ned with water at a ratio
governed by the manufacturers instructions, e.g. 1 part developer to 4 parts water.

Developer temperature should be in accordance with the manufacturers recommendations
or specification, but is typically 20°+1°C. Development time is again dependant upon the
manufacturers recommendations or specification; for manual processing developing time is
typically between four and five minutes. The time should be taken from when the film hits
the developer with a suitable darkroom dmer. Once the film is in the developer it is agitated
for approximately 20 seconds and then agitated approximately every 45 seconds thereafter.
Agitation allows for fresh developer to flow over the film and prevents the possibility of

1 Actinic radiation, in this context, is that which will affect the film emuision, i.e. form a latent image.
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bromide streaking; agitation also cuts down development time. The frames or spirals should
be tapped against the tanks to prevents any air bubbles setling on the film which can cause
light spots on the finished radiograph.

Developer is made up as follows:

Constituents 1 Chemicals in common
use

Developing Reduces the exposed silver halide | Metol
agent(s) grains to metallic silver. Hydroquinone.
Phenidone.

Accelerator A chemical which gives an alkaline | Borax.
: reaction which speeds up { Sodium carbonate.
development. Sodium hydroxide.

Preservative Prevents oxidation of the developer. Sodium sulphate.

Restrainer Controls the level of development Potassium bromide.
fogging.

Sequestering Prevents the formation of scale. - Sodium
agent ‘ hexametaphosphate.

Replenishment '

The activity of the developer gradually decreases with use and age. Replenishment ensures
that the activity of the developer and the developing time required remains constant
throughout the useful life of the developer. When approximately 1 m’ of film has been
developed, about 400 ml (2 cups) of replenisher needs to be added. After continuous
replenishment the quality of the image will be affected and the developer will have to be
changed. A common guide for the remixing time is when the replenisher added exceeds
twice the volume of the original developer.

6.3 Stopbath
The stopbath may be:

= An acid stopbath.
* A water spray rinse.
» A fresh water tank.

The most efficient type of stopbath is an acid stopbath which is typically made up of
2% glacial acetic acid in water. This steps the reaction of the developer, due to the developer
being an alkali and the stopbath an acid. '

Films should be placed and agitated in the stopbath/rinse tank for at least 10 seconds; if this
is not done properly, the fixer will soon become neutralised.

6.4 Fixer

Fixer is supplied as a liquid concentrate and is to be diluted with water, usually at a ratio of
1 part fixer to 3 or 4 parts water (follow manufacturers instructions); a hardening agent is
also added.

Fixation is the process which removes the undeveloped silver halide crystals and fixes the
remaining developed crystals, thereby producing radiographs of a diagnostic (readable)
quality.
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The fixer contains chemicals, €.g. ammonium or sodium thiosulphate, which convert the
unwanted unexposed, and therefore undeveloped, halides into water soluble compounds;
they are then readily dissolved or removed at the final wash stage.

The films must be agitated in the fixer, failing to do so may result in light spots on the film.
The fixing time is twice the time it takes for the image to clear, ¢.g. if the milky image
disappears in 3 minutes, after looking under the illumination of the safe lights, the films are
returned to the fixing tank for another 3 minutes, i.e. total fixing time 6 minutes. When the
fixer becomes exhausted— guideline: when the fixing time is over 10 minutes— the fixer
should be replaced; fixers are not usually replenished. The exhausted fixeris retained because

silver may be reclaimed via electrolysis methods.

6.5 Final wash

Films should be washed preferably in a tank with constant running water, for at least
20 minutes. This removes any-soluble silver compounds left behind in the emulsion after
fixing and removes the fixer which is an acid. Yellow fog appears on films which have not
been sufficiently washed.

6.6 Wetting agent

Wetting agent reduces the surface tension of the water and results in even drying of the film;
this prevents black spots or streaks. Wetting agents are supplied as a liquid concentrate and
is to be diluted with water at a ratio of approximately 1 part wetting agent to 4000 parts of
water.

Films are only dipped in and out of the wetting agent.

6.7 Drying the film

Initially excess water is removed from the films with a squeegee and then placed in either a
drying cabinet, other specially designed drying apparatus or a dust free drying room. Care
must be taken not to allow drops of water to fall onto the drying films, as this will cause
black marks.

The drying time will depend on the temperature, air circulation and the relative humidity of
the warm air. Typical drying times are 15 minutes in adrying cabinet, 45 minutes in adrying
TOOM.. ,

7 RADIOGRAPHIC QUALITY
7.1 General
Radiographic quality can be discussed using three main terms:
1. Density—The density of a radiograph relates its degree of blackness.

2. Contrast—Radiographic contrast is the degree of difference between density
fields on a radiograph.

3. Definition—Radiographic definition is the degree of sharpness at the boundaries
of density fields.

A fourth term widely used is sensitivity. Sensitivity is a term used to give an indication of
overall radiographic quality.

There are two qualities of a radiograph usually measured: density and sensitivity. Density
is measured using a densitometer and sensitivity is measured using an image quality indicator

(1.O1).

Sensitivity measurements give an overall guide as to the radiographic technique’s ability to
detect fine defects. Sensitivity is affected directly by the contrast and definition, i.e. if either
of these qualities are lacking then the sensitivity is lacking.




7.2 Density
7.2.1 General
The density of a radiograph relates its degree of blackness.
A high density or dark area absorbs more light than a low density or light area. The

ter the amount of black metallic silver grains present in an arca on a radiograph, the
more light is absorbed and the denser the area appears.

More radiation passes through the thinner sections of a specimen, €.g. arcas where cracks

or lack of fusion are present, therefore these arcas will eventually show up on the
radiograph as dense areas.

7.2.2 Measuring density

Densityona processed radiograph is measured using an instrument called a densitometer,

the incident light with the transmitted light and expresses the result as a
logarithmic ratio. Incident light is light from the viewer; transmitted light is light
ransmitted through a film when the film is on the viewer'.

incident light
ransmitted light

Density = Logy

If the incident light was 316 times greater than the transmitted light:

316

Density =Logo  —1

Density =LOg 316
Density =2.5

Note: If the transmitted light was 1/10th of incident light D = 1.0, if it was 1/100th
D = 2.0, 1/1000th D =3.0 etc.. ‘

Before use, densitometers should be calibrated using a calibrated density strip—2a strip
of film containing known densities—on the same viewer which is to be used for
interpreting the radiograph.

The minimum density. in the area of interest, i.e. the weld, required by specifications is

this is not always practical to determine when

and therefore density changes—as is the

case with certain types O . In this situation the specification may specify
that the density-is to be meas i iately adjacent to the weld reinforcement.

The maximum density stated in 2 specification will typically be 3.0 or 3.5.

7.2.3 Lack of density—causes

. Under exposure to radiation.
. Insufficient development tire.
«  Developer temperature 0o low.
. Exhausted developer.

. Incorrect developer.

.  Solution of developer too weak.

{ The viewer must be capable of white light intensities suitable for viewing radiographs up to the maximum
permissible densities.
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7.2.4 Excessive density—causes

Over exposure to radiation.
Excessive development time.
Developer temperature too high.
Incorrect developer.

Solution of developer to0 SONg.

7.3 Radiographic contrast
7.3.1 General

Radiographic contrast is the degree of difference between density fields on 2a
radiograph.

When a radiograph contains only blacks and whites and no intermediate.tones the contrast
is high; whenonly tonesof a similar density exist the contrast is low; the optimum contrast
may lie between these two extremes, it depends on the aim of the radiographic technique.

If an application specification is not permitting any detected defects in the weld
whatsoever, then the contrast should ideally be as high as possible, i.c. high contrast is
ideal for detecting defects. :

If however, an application specification permitted certain defects, depending on the
defects through thickness dimensions, as well as length and/or width, then it would be
necessary to have a range of tones on the radiographs' so that the through thickness depth
of the defects and the height of weld reinforcements can be assessed.

Therefore, to gain more information about the through thickness dimensions of any
defects and the weld itself, we need to have intermediate tones, i.e. greys in addition to
black and whites.

Note: We are assumning that there are thickness changes or material density changes
present in order to give us density changes.

The following chart shows the criteria which affect radiographic contrast:

1 If a radiograph shows a wide rangc of tones it is said 10 have wide latitude.
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7.3.2 Measuring radiographic contrast

Radiographic contrast is not usually measured exclusively; it is normally assessed
subjectively, but could be measured by the use of a step wedge type 1.Q.L.

A wire type 1.Q.1. —used to measure sensitivity— primarily gives information about the
radiographic contrast, but the degree of definition also govemns the result.

7.3.3 Insufficient contrast— causes

Radiation wavelength too short, i.c. kV/penctrating power too high.

Over exposure to radiation, compensated for by shortened development time.
Prolonged development in too cold a developer or exhausted developer.
Unsuitable or wrongly mixed developer.

Insufficient fixation.

Fog; see also Section 7.5.

7.3.4 Excessive contrast—causes

« Radiation wavelengh too long—kV/penetrating power too low.
+  Incorrect developer.

«  Wrongly mixed developer. .

»  Under exposure, compensated for by a prolonged developer.

7.4 Definition
7.4.1 General

Radiographic definitionisthe degree of sharpness at the boundaries of density fields.

There are many factors that govern the final definition on a radiograph, including the
geometry of the set-up during exposure and the film type used. Perfect definition can
never be obtained due to the existence of penumbra and the films inherent unsharpness.

7.4.2 Measuring radiographic definition

Radiographic definition is not usually measured exclusively; it is normally assessed
subjectively, but could be measured by the use of a duplex type LQ.L.

A duplex type LQ.L is a type 1l 1.Q.L to BS 3971—Image quality indicators, also
referred to as a CERL type B. It consists of pairs of parallel platinum or tungsten wires
of decreasing thickness, the thickness of the pairs usually being the same as the gap
between them. If a pair of parallel wires blend into one on the radiographic image it will
be due to the poor definition. The largest pair of wires, the image of which has just
merged from that of two separate wires into the single form, is taken as the criterion of
discernability. The total image unsharpness, U, is given by:

U(mm)=d+a
where:

d is the width of the wire
a is the spacing between the two wires

Note: Type III LQ.Ls are piaced in the centre of the film adjacent to the weld.
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7.4.3 Poor definition—causes

Object to film distance (o.f.d.) too great.

Radiation source to film distance too short.
Dimensions of focal spot or gamma source too large.
KV too high.

Vibration/movement during exposure.

Poor contact between film and screens.

Salt screens.

Coarse grained film.

Fog; see also Section 7.5.

7.4.4 Inherent (film) unsharpness

Inherent unsharpness is the unsharpness on a radiograph caused by stray electrons
transmitted from exposed crystals which have affected adjacent crystals. Inherent
unsharpness always exists, its magnitude depending on grain size, grain distribution and
radiation energy used; it increases with a reduction in wavelength.

7.4.5 Geometric unsharpness

Geometric unsharpness or penumbra is the unsharpness on a radiograph caused by the
geometry of the radiation beam in relation to the object being radiographed and the film.
Penumbra always exists and borders all density fields.

The dimensions of the focal spot or gamma source, object to film distance (o.f.d.) and
focal spot to film distance (f.f.d.)" all affect penumbra.

To minimise penumbra we must adhere to the following conditions:
. The source or focal spot should be as small as possible.
. O.f.d. should be as small as possible.
«  Ffd/s.fd. should be as long as practicable.

1 Source to film distance (s.f.d.) if using gamma radiation.
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Penumbra size can be calculated by the following formula:

size of source xo .fd.
ffd.-ofd.

The maximum penumbra allowed on radiographs is specified in certain standards. In
contractual situations where the standards do not quote maximum penumbra values, they
may be agreed with the client; a maximum penumbra of 0.25 mm is often used.

The BS 2910 does not quote a maximum penumbra value, but recommends that the
penumbra levels do not exceed the maximum levels specified for inherent unsharpness.
The minimum f.f.d/s.f.d. charts in BS 2910 are primarily based on penumbra
considerations, i.e. if these charts are being adhered to the penumbra is considered to be
acceptable.

Penumbra =

7.5 Fog
7.5.1 General

Fog is unwanted density on a radiograph and may be sub-divided into the following
terms:

Grey fog—often simply termed fog.

Yellow fog.

Dichroic fog— greenish colour by reflected light, pink via transmitted light.
Mottled fog. '

* & & 2

7.5.2 Causes of fog
7.5.2.1 Grey fog

«  Accidental exposure to actinic radiation—light, x-rays, gamma rays. When fog

is caused by light leaks, e.g. because of a faulty cassette, it is-ofen termed light

fog.

»  Scatter.

«  Unsuitable darkroom lighting, e.g. wrong safelights, white light entering
darkroom.

»  Bad film storage.

7.5.2.2 Yellow fog

» Insufficient final wash.

+  Exhausted fixer.

«  Prolonged development in badly oxidized developer.
7.5.2.3 Dichroic fog

»  Prolonged development in exhausted developing bath.
»  Film stuck to another film in fixer.
«  Developing tank contaminated with fixer.

7.5.2.4 Mottled fog

«  Film badly stored, e.g. in damp surroundings.
»  Film out of date.
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7.6 Artifacts

7.6.1 General

An artifact is a spurious indication on the radiographic image, e.g. a fault in or on the
film usually caused by mishandling or incorrect developing. An artifact may appear to

be a defect in the weld or parent material; an artifact may also mask a fault in the weld,
therefore, it is essential that artifacts should be avoided.

7.6.2 Static discharge

Static discharge marks may occur when the film is pulled quickly from between the
intensifying screens in a dry atmosphere. The appearance on the radiograph is usually
lightning like, but it may also be mottled.

7.6.3 Reticulation

Reticulation is a znet like structure appearing in the emulsion due to rupture caused by
excessive temperature differences between the processing tanks. It is a rare artifact
nowadays to to the flexible/plastic nature of modern day emulsions.

7.6.4 Diffraction mottle

Diffraction mottle may occur in a weld areaona radiographic image because of the grain
structure and grain orientation of certain materials matching the wavelength of the
radiation in acertain way. Austenitic stainless steelsand aluminium welds are particularly
susceptable.

Diffraction mottle has the appearance of fine porosity throughout the weld area. ftma
be reduced or eliminated by changing the wavelength of radiation, i.e. increasing kV',
or by changing the radiation angle by approximately 3°.

7.6.5 Causes of other artifacts
7.6.5.1 Light patches

Film was not agitated/tapped during development or fixation.
Film insufficiently rinsed after development.

Drops of fixer fell onto film prior to development.
Mechanical damage to emulsion.

Impurities between screen and film.

7.6.5.2 Dark patches, lines or streaks

Drops of developer fallen onto film prior to development.

Drops of water fallen onto film prior to development.

Mechanical damage to emulsion after exposure.

tS__ln:)w and uneven drying of film, i.e. when there are still droplets of water on the
ilm.

Uneven drying.

Scratches on lead screens.

Bending of film after exposure (usually between two fingers causes dark crescent
shapgd marks).

7.6.5.3 Whitish deposit
«  Water used to make up processing solutions too hard.

1 Diffraction motde often increases with a reduction in kV!
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1.7 Sensitivity
7.7.1 General
The term sensitivity, when used in its general sense, is an overall assessment of quality
which relates to the radiographic technique’s ability to detect fine defects on a
radiograph.
The sensitivity associated with a radiograph is directly affected by the radiographic
contrast and definition, therefore all those factors which affect contrast and definition
will also affect the sensitivity.

7.7.2 Measuring sensitivity

Sensitivity is measured by the use of image quality indicators (1.Q 1.s), also known as a
penetrameters. There are various types of [.Q.1; the type commonly used consists of
seven thin wires within a plastic packaging. The wires are placed transversely across
the weld area being examined during exposure. The sensitivity on the resultant radiograph
is then given a numerical value by dividing the thickness of the smallest wire visible on
the radiograph by the thickness of the specimen in the area being examined; this is then

multiplied by 100 in order toexpress the result as a percentage of the specimen thickness'.

thickness of thinnest wire visible < 100
thickness of specimen

Sensitivity% =

The lower the figure obtained, the higher the sensitivity. [tmust be noted however, that
the obtained 1.Q.L sensitivity value does not directly relate to the minimum thickness
change or defect size detectable by the radiographic technique used.

BS 3971—/Image quality indicators is a standard which specifies three types of L.Q.L:

Typel  —wire type.

Typell —step wedge/hole type.

Type I —duplex wire type for exclusively measuring definition; see Section
7.4.2.

Step wedge/hole type 1.Q.Ls are placed adjacent to the weld in the centre of the film.
The sensitivity is assessed in the same way as for wire types except you use the hole
diameter instead of a wire thickness.

With the exception of duplex wires, .Q.Ls are made of the same material’ as the specimen
being examined and are available in a variety of thickness ranges.

Technically, the best.position to.place an L.Q.L is on the source side of the specimen, but
for practical reasons .Q:L(s) are often placed on the film side, i.e. between the film and
the specimen. It may also be stated that they must be positioned in the area where the
worst sensitivity is expected. A specification relating to radiographic testing large
diameter pipe welds may state:

“For a panoramic exposure at leastone L.Q.L must be present’, placed at the 6 o’clock
position". Reason: because this area is more susceptible to back scatter from the

ground.

1 Sometimes the minimum number of wires which have to be visible on the radiograph is specified instead.

2 Although it is desirable for the IQI and the specimen 1o be of the same material, it is not always possible or
practicable 1o accomplish due to lack of availability. For test specimens made from alloyed elements, the 1Q1
matcrial chosen should have similar radiation absorption/transmission properties Lo the test specimen.

3 BS 2910 calls for four [QI's placed at the 3, 6, 9, and 12 o'clock positions.
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"For a multiple exposure technique two 1.Q.Ls must be used, one at each end of the
film within 25 mmof the diagnostic film length, with the thinnest wire facing towards
the outside”. Reason: the outside/end of a film on a multiple exposure shot is the
least sensitive area due to fade off.

7.7.3 Specilic sensitivity terms

There are many specific terms relating to sensitivitjr which may be encountered; the
following lerms are in accordance with BS 3683—Terms used in non-destructive
testing : Part 3— Radiological flaw detection:

Contrast sensitivity

The density difference ona radiograph after processing, produced by a small change
in specimen thickness.

Note: It is usually expressed as a percentage of the total specimen thickness.

Defect detection sensitivity

In a radiograph, the minimum dimension of a specified defect that can be discemed,
measured in the direction of the primary radiation beam and usually expressed as a
percentage of the specimen thickness.

Flaw sensitivity

The minimum flaw size detectable under specified conditions usually expressed as
a percentage of the specimen thickness. (See also defect detection sensitiviry).
Image quality indicator sensitivity

The dimension in the direction of the radiation of the thinnest step-with-hole or wire

that can be clearly identified, expressed as a percentage of the thickness of the
material under examination.

Note: The duplex-wire image quality indicator is based on a different principle and
gives a measure of unsharpness only.

Thickness sensitivity

The smallest change in thickness which can be detected by radiography, usually
expressed as a percentage of the specimen thickness.

8 RADIOGRAPHIC TECHNIQUES

8.1 General

Radiographic techniques for welds on steel are listed in BS 2910— Radiographic
examination of fusion welded circumferential  burt  joints in steel and
BS 2600—Radiographic examination of fusion welded butt joints in steel.

The radiographic examination of a plate weld would result in a single wall, single image
technique being used; however, there are essentially four ways to radiograph a girth/pipe
weld: )

1. Single wall, single image (SWSI)—film inside, source outside.

2. Single wall, single image (SWSI)—film outside, source inside (internal exposure,
usually full panoramic).

Double wall, single image (DWSI)—film outside, source outside (external
exposure).

Double wall, double image (DWDI)—film outside, source outside (elliptical
exposure). ’
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The panoramic technique is usually the preferred technique if the equipment is available,
access permits and the minimum f.f.d. requirements are met. This is due to the fact that the
entire weld can be examined in one exposure, and good sensitivity can be achieved because
of a lower level of scatter and kV in comparison with a double walled exposure.

8.2 SWSI: source outside, film inside

For standard exposures, the radiation beam is positioned at normal incidence to the weld
face and film passing through the centre of the weld.

This technique is primarily intended for 100 mm diameter pipe welds and above, where
access to the internal weld area permits. The main disadvantages of this technique are the
number of exposures required due to a large amount of fade off, and the practical aspects of
positioning the radiation source at sufficient f.f.d. when dealing with fabrications in situ. It
is a technique more suited to large diameter pipes, vessels and tanks where the curvature is

closer to a flat plate and therefore has a reduced effect on the amount of fade off.

The required minimum number of exposures 10 cover the full circumference of the weld
depends on the wall thickness, pipe diameter and f.f.d./s.f.d.; see table in BS 2910.

8.3 SWSI: (panoramic) source inside, film outside

For standard exposures, the radiation beam is positioned at normal incidence to the weld
face and film passing through the centre of the weld, with equal f.f.d./s.f.d. around the
circumference. This technique cannot be used if the minimum f.f.d./s.f.d. requirements
cannot be met.

8.4 DWSI

This technique is commonly applied to all welds where the use of a panoramic technique is
not possible or practicable, e.g. on small diameter pipe welds.

For standard exposures on any diameter of pipe weld, the radiation beam is positioned at
approximately 85 to the weld face and film. With this technique the radiation beam cannot
be positioned at normal incidence to the weld portion being examined because the weld on
the radiation source side will superimpose over the film side weld resulting in a reshootable
radiograph. This problem mainly applies when using x-ray tubes; the x-ray tube must be
moved approximately 60 mm to the side of the weld, so the central line of the x-ray beam
shoots past the tube side weld resulting in a diagnostic image of the film side weld. Care
must also be taken to ensure that the number tape on the source side does not interfere with
the image, i.e. shoot through from the opposite side of the weld to that which the. number
tape is positioned.

The required minimum number of exposures 1o cover the full circumference of the weld
depends on the wall thickness, pipe diameter and f.f.d.; see table in BS 2910.

8.5 DWDI
This technique is only applied to welds on pipe or fittings 90 mm diameter or below.

The film cassettes are not bent around the pipe circumference unlike with the other
techniques; flat cassettes are used which are usually offset to the weld to record an elliptical
image, purposely produced by offsetting the focal spot at least one fifth of the f.f.d.. From
the elliptical image of the weld, the be side weld is interpreted as well as the film side
weld.

A minimum of three exposures are usually required, offset by 120 to each other; this results
in a total of six interpretable areas on the radiograph which should coverthe full circumference
of the weld.

Note: On small bore pipework, it is sometimes permitted by specification or client for the
radiation to pass through the centre of the weld at normal incidence to the pipe; this will
produce a radiograph with the tube side weld superimposed over the film side weld.

22




RUANE & TPO'NELLL

8.6 Sandwich technique

The sandwich technique is a radiographic technique sometimes used in order to save tme.
It may be used on components where there are substantial thickness differences causing the
density on a single radiograph to be out of specification on either the thicker side, the thinner
side or both. Rather than carry out two seperate shots at different exposures for each weld
or position, cassettes may be loaded with two films. Two radiographs will therefore be
produced—one for the thick side and the other for the thinner side—but they will have been
produced in a single exposure.

The films are usually of different speeds, €.g.a fine grained film loaded with a very fine
grained film, however, the same effect will be produced by placing a lead screen, thicker
than usual, between two films of the same speed.

8.7 Parallax technique

The parallax radiographic technique' may be.used to determine the depth of defects below
the surface of a component; this may be useful to know for repair purposes. Itis a technique
more applicable to thick specimens, €.g. over 50 mm, but is rarely used because ultrasonic
testing can usually give the same information quicker and at a lower cost.

The technique is used after a defect has already been detected by conventional methods. The
procedure involves the placement of a lead marker on the source side of a specimen’s surface
close to the plan view location of the defect. Two exposures are made, each at half the
normal exposure, and offset to each other in order to produce a double image of the lead
marker and defect. '

The following criteria are used to calculate? the distance of the defect from the film:

Gap between defect images.

Gap between lead marker images.

F.fd./s.f.d.

Specimen thickness.

Dimension of shift between source of radiation.

9 DETERMINATION OF EXPOSURE
9.1 General

Many factors govern the final quality’ of a radiographic image; all these factors must be
considered and controlled in order to meet with a specifications requirements.

The time to use for an exposure is only one factor to consider for an exposure, but it is this
factor which changes most often. Gamma exposure times are usually calculated from special
slide rules, usually referred to as gamma exposure calculators, these take into consideration
the following:

Film density to be achieved.
Source type.

Activity of source.

Film speed.

Source to film distance.
Material type.

Maleria‘_‘l thickness.

1 The parallax technique is sometimes refemed 10 as the wbe shift method when an x-ray tube is used.
2 A {ormula or a special graph may be used to determine defect depth. '
3 Quality is referring 10 density, contrast and dcfinition.
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When using x-ray equipment, the determination of exposure is less straightforward. This is
because the wavelength and intensity of radiation may be adjusted, and different machines
produce different quantities and qualities of x-radiation even though they may be operated
on the same panel settings. The following methods are used to determine correct exposures

when using x-ray equipment:
By reference to previous exposure records.
By trial and error—1est shots.

A combination of the above.
By using exposure charts.

9.2 Considerations for exposures
9.2.1 Wavelength of radiation
The wavelength of radiation used will affect the density, contrast and definition of a
radiographic image.

X-ray equipment—The lower the kV used to penctrate the specimen, the higher will
be the contrast, but enough kV must be used to keep the exposure time reasonable.

Gamma isotopes— Different radioactive isotopes produce different wavelengths of
gamma radiation, €.g. Co60 produces shorter wavelength radiation than Ir192 and is
therefore more penetrating, buta radiograph produced on the same specimen using Co60
will have lower contrast and definition.

9.2.2 Intensity of radiation and exposure time

The intensity of the radiation reaching the film and exposure time will affect the density
of the image'.

Radiation intensity and exposure time are related. Exposure time is proportional to the

intensity of radiation; this relationship is known as the reciprocity law:

Exposure = time X inrensity

X-ray equipment—If you had an exposure of say 4 minutes and 3 mA, then4 x 3 = 12,
therefore you would be using 12 mA-mins. You could also use 3 minutes and 4 mA to
give you the same amount of exposure because 3 x 4 =12, or 1 minute 12 mA,
1x 12 = 12, or 2 minutes 6 mA, 2x 6 =12 etc.; all these give you the same amount of
exposure.

The higher the mA setting on the control panel, the greater the intensity of radiation
produced, and therefore the darker the image will be, unless the time is reduced to
compensate.

Gamma isotopes—If you had an exposure of say 5 minutes using an isotope with an
activity of 4 curies, then 5 x 4 = 20, therefore you would be using 20 Ci-mins.

The higher the activity of the isotope used, the greater the intensity of radiation produced,
and therefore the darker the image will be, unless the time is reduced to compensate.

9.2.3 X-ray equipment

The intensity of radiation (governed by mA) and quality of radiation (govemed by kV)
can be affected by the electric circuit of the equipment being used. The kV and mA may
be on the same panel setting, but the radiation intensity and wavelengths can vary from
one set to another.

| Remember that density affects contrast, and contrast affects sensitivity.
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Filter types and thicknesses also differ between x-ray tubes. Filters are used to cut out
secondary radiation to provide a more homogeneous x-ray beam with lower resultant
scatter levels. Filters affect the exposure time, e.g. an x-ray tube with a thick filter will
require more exposure than an x-ray tube with a thinner filter.

9.2.4 Type of film

The higher the speed of the film, the denser the image compared to that of a slow film
at the same exposure. However, the radiograph’s definition for a slow film at the correct
exposure will be better than that for a fast film at the correct €xposure.

9.2.5 Intensifying screens

Using intensifying screens reduces the exposure required to attain the required density,
but fluorescent and fluorometallic screens have an adverse affect on the definition of the

radiographic image.

9.2.6 F.f.dJ/sf.d

The greater the f.£.d./s.f.d. the smaller the penumbra, therefore the better the radiographic
definition. But, x-rays and gamma rays obey the inverse square law. The inverse square
law states: '

= At twice the distance from the source, the same radiation covers four times the area
but the intensity of radiation is four imes less. At four times the distance from the
source the same radiation covers sixteen times the area but the intensity of the
radiation is sixteen times less, etc.”.

Therefore, with regard to exposure, the greater the f.f.d./s.f.d. the greater the exposure
should be to attain a given density.

The inverse square law can be shown mathematically in relation to intensity:

11_D2
12 D1’
I = intensity
D = distance

The following formula, based on the inverse square law, can be used to determine new
exposures when the f.fd./s.f.d. changes:

New Distance® x Old Exposure
Old Distance®

New Exposure =

9.2.7 Object being radiographed
The radiation absorption and transmission characteristics of a material depends upon its

thickness, density and atomic mass. This will primarily govern penetrating power
required.

9.2.8 Processing the film

The density, ¢ontrast and definition of a radiograph are affected by the type, temperaturc,
agitation and time in the developer. The development process should not be adjusted
outside a specifications requirerments in order to compensate for incorrect €xposures,
i.c. to adjust the density of a radiograph, the exposure should be changed; not the
developing process.
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93 Exposure charts
Exposurecharts provide the exposure conditions fora given thickness of matenal using x-ray
will show the cxposure 10 usc In mA-min for a chosen

cquipment. An exposure chan

specimen thickness and KV in order to auain the deasity that the chart is based on.
Exposure charts are drawn up from preliminary chans made up from cxposures using
different kilovoltages on step wedges. '

The vertical scale on an‘exposure chart is logarithmic and the h
the chart is applicable to:

orizontal scale is arithmetic.

Each chart must show the variables to which

Type of x-ray set.

Film density.

Film type.

Intensifying screens
Focus to film distance.
Development conditions.
Material tested.
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9.4 Guideline exposures using X-rays
The following chart shows guideline x-ray exposures on standard wall thickness A.P.1. pipes
using fine grain film with lead screens.

3
>

Technique Dia. (mm) Time (min)
(BS 2910)
13 DWDI* 50 25

13 DWSI 100 1.15
13 DWSI 300 25
13 DWSI 4.75

7 SWSI 1.15
13 DWSI 600 5

7 SWSI 600 1.75
13 DWSI 900 5

7 SWSI 900 3

13 DWSI 1050 12
7 SWSI 1050 | 35

‘ * Focus to film distance = 650 mm.

MMMMU\U\MMMU\M

£ MY L1 0]




RUANE & T P O'NEILL

APPENDIX B SCATTER |

ic exposures are being made, some of the radiation scatters in all directions by
the atoms which form the object. This scatter results in an overall fogging of the film and reduces
the contrast and sharpness of the radiographic image. The thicker the object being radiographed.
the greater the amount of scatter.
Furthermore, the ground, a wall, or another object close to the object being radiographed which
is struck by the radiation, will partially reflect the rays in the form of back scatter; this is also
liable to fog the film.
Scatter radiation is less penetrating than primary radiation from which it is derived. Because
scatter rays have a relatively long wavelength, they can be intercepted by a sheet of lead; this
is one reason for using lead screens, although heavier filters may also be needed if the scatter
is heavy.

.,
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APPENDIX A DETERMINATION OF FOCAL SPOT SIZE

The focal spot size of x-ray tubes can change over a period of time. To determine the size of
the focal spot, €.g. for penumbra calculations, the following procedure may be adopted.

|. Place a lead sheet, approximately 4 mm thick containing a small hole about 0.25 mm
diameter, exactly half way between the focal spot and a radiographic film.

2. Expose—the exposure should not be excessive otherwise the image will be blurred.
The image on the film will be the size of the focal spot plus twice the diameter of the
hole.

Calculate the focal spot size by measuring the total diameter of the image and then
deduct 2 x hole diameter.
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APPENDIX C CHARACTERISTIC CURVES OF FILMS

A characteristic curve is a curve on a graph produced for a pgrticular_ﬁlm which shows the
relationship between different exposures applied and the resulting densities.

A characteristic curve will show that the density does not always vary in the same proportion
as the applied exposure.

A curve is produced by applying increasing exposures to adjacent areas of a strip of film. After
development, the densities are measured with a densitometer and then plotted on a graph against
the corresponding €XpoSures. Both i i i izontal axis (exposure)
are calibrated in a logarithmic scale (log:oE); this method for the
size and interpretation of a curve. When the points urve will be
produced.

If characteristic curves.of vario posed on one graph, it will be seen that
the faster films lie closer to the left vertical axis, because faster films attain density at lower
exposures. Therefore, it should be appreciated that itis possible to obtain the relative film factors
from the characteristic curves of films. '

The highest film co i i ight line portion of its characteristc
curve, this indicates the density range to work with to attain optimum contrast. Also, the steeper
the gradient of the straight line portion the higher the film contrast.
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APPENDIX D DU'I‘IES OF A RADIOGRAPHIC INTERPRETER

It is the duty of a radiographic interpreter to ensurc that all interpretation and any associated
actions are carried out in accordance with the relevant specification(s) for the work being carried
out.

A radiographic interpreter must have access 10 the relevant specification(s) and must know
where 1o find and interpret relevant information. '

Specific duties when interpreting radiographs of welds are typically as follows:
1. Mask off any unwanted light on the viewer.

2. View radiographs under subdued background light.

Ensure, as. far as is reasonably practicable, each radiograph is correctly identified to
the weld it represents.

Ensure that the weld locations are identified, e.g. has the correct number tape been
used.

Assess the quality of the radiograph:
a. Measure radiographic density.

b. Calculate IQI sensitivity—also ensure the IQI's are of the comect type and
correctly positioned.

Assess radiographic contrast; €.g. has gamma been used when only x-radiography
is permitted?.

Assess definition/graininess; €.g. have salt intensifying screens been used when
only lead intensifying screens are permitted? Has a fast film been used instead
of a slow film?.

e. Do arifacts interfere with interpretation?

Check the radiograph to determine if any obstruction between the source of radiation
and the film:interferes with-interpretation, €.g. lead numbers.

Identify the type of weld if possible—normally already known.

Check the parent material on the radiograph for arc strikes, hard stamping, gouges,
minimam seam offset etc., when applicable.

Check the weld on the radiograph for defects, stating type and region.

s ]
_ State action to be taken, e.g. accept the radiograph and weld, reshoot, repair, remove
the entire weld, visual check, grind and investigate, MPI check, ultrasonic check.

Other points—always note suspect cracks or obvious defects on a reshootable radiograph. It
will probably not be necessary to reshoot a reshootable radiograph if the weld is to be removed
(cut-out).
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APPENDIX E QUALITY ASSURANCE

BS 5750 {1SO 9000 series}-—Quality systems
BS 4778 —Quality vocabulary

E.1 Aim of quality assurance

The aim of quality assurance is to improve quality whilst keeping costs to an acceptable

level. :

The objective of a system used to implement quality assurance, i.e. a quality system, is 10
d rectify the root cause(s) of any problems, thereby reducing faults and wastage.

This will in turn, improve quality and reduce costs. The emphasis is on prevention rather

than detection and cure.

E.2 Benefits of adopting quality assurance
A properly implemented and managed:quality:system should:

a. help to ensure that the company focuses on market needs and requirements;

b. make the company more competitive in the market place due to an increased
customer confide in the company’s output, i.e. a product or service that a
customner wants—this includes iming; -
lead to a reduction of costs due toa reduced number of faults and wastage;
give a measure of performance which will enable any areas for improvement to be
identified;

e. induceamore organized way of thinking which makes managementmore organized
and effective;

f. provide motivation; motivated employees provide a better working environment
in addition to the product or service output benefits.

E.3 What is quality assurance?

The definition for quality assurance given in the British Standard for quality vocabulary
(BS 4778 . Part Dis:

' All those planned or systematic actions necessary to provide adequate confidence that
a product or service will satisfy given requirements for quality.’

The quality of a product or service is attained only by working in a controlled manner,
following formalised procedures which are designed to eliminate the occurrence of problems.

Quality assurance-provides the objective evidence needed to give maximum confidence for
quality. :

Quality assurance should be considered as a management ool when used within an
organization (internal quality.assumnce)., A supplier who implements and maintains a
system for assuring quality, is providing maximum confidence to a purchaser, or potential
purchaser, that the supplied product or service attains, or is going to attain, its fitness for
purpose. :

Different people have different concepts for what is meant by a quality product or service,
therefore it is very important to be aware of the customers’ requirements and/or expectations.

In industrial contract situations, conuract documents or purchasing specifications should
clearly define a company's requirements for a product or service. The quality of the product
or service is deemed to have been achieved when the exact requirements have been met
completely and consistently.
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E.4 Scope of quality assurance |

Quality assurance should encompass all parts of an organization and all phases of an activity,'
i.c. planning, design, production, maintenance, administration etc.. Collaboration with
suppliers and purchasers should also be part of an organization’s quality system.

E.5 Inspection vs quality assurance '
Quality assurance is not inspection. Inspection is one of the important elements within a

system for quality assurance which requires continuing evaluation in the same way as the
other elements, e.g. planning, design/specifications, production etc...

Inspectionisdefinedin BS 4778 - Part I as, "activities such as measuring, examining, testing,
gauging one ormore characteristics of a productor service and comparing these with specified
requirements to determine conformity.’

E.6 Inspection vs quality control

Quality control is defined in BS 4778 - Part I as, 'the operational techniques and activities
that are used to fulfil requirements for quality.” This definition can be vague, so modifying
the term to be more specific is advantageous, €.g. manufacturing quality control is more
explanatory. .

Quality control is involved with the monitoring of a process and eliminating the causes of
any deficient output with any process, or any phase during a contract, which has an effect
on quality. The information obtained from inspection, as defined above, is used for quality
control.

E.7 Quality control vs quality assurance

The comparison between quality control and quality assurance is more difficult to explain
because of different beliefs between experts. Assumptions are also made regarding the
applicability of the term quality control, e.g. is it referring to manufacturing qualiry control
or company-wide quality control?

Quality control deals with the actual measurement of quality performance, this performance
is compared against what is required, and action is taken on the difference.? Quality control
is asking the question, "is the work/action being performed correctly?”

Quality control does not reach all elements which affect quality, e.g. quality control will
rarely do anything to correct problems relating to management, documentation, training and
staff motivation.

Quality assurance-applies to all areas which have an affect on quality, and asks the question,
“has the work/action been performed correctly?”

1 Total Quality Management (TQM}) is a concept adopted by some companies which applics quality assurance
philosophy 10 all areas within a company, whether they are deemed to have a direct affect on quality or not.

2 This philosophy has been taken from J M Juran
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1. \w screens used in industrial radiography are usually used to: ?<

A. improve definition in radiographic images.

B. , improve contrast in radiographic images. Below 120Ky B screer

@ decrease exposure time. :

‘D. make films with multi-million volt radiation. uPto D.Jl\m" ] 50 Ky may
12-25-= 200Ky max.

2. The penetrating ability of an x-ray beam is governed by:
95-50-+300Kv max .

_ kilovoltage or wavelength.
. time.
C. milliamperage.
D. source-to-film distance.

3. The two most common causes for excessively high-density radiographs are:

A. insufficient washing and overdevelopment.
B. contaminated fixer and insufficient washing.

@ overexposure and contaminated fixer. 4__ 5 i oi ZOOC

overexposure and overdevelopment.

4. When struck by x-rays or gamma rays, lead screens emit:

alpha particles.
beta particles.

. fast neutrons.
D) ultraviolet light.
5. The ability to detect a small discontinuity or flaw on a radiograph is called:

A.’/ radiographic contrast.
) radiographic sensitivity.
C. radiographic density.
D. radioggaphic definition.

6. Movement, geometry and screen contact are three factors that affect radiographic:
A, contrast.
@ unsharpness.

C. reticulation.
D. density.
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7. The degree of difference between thé densmes of two h is called

radiographic contrast. S 24
. subject contrast.
C. film contrast.
D. definition. -
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the tube current should be increased.

" the tube current should be decreased.
C. the test specimen should be moved further

D. alower kilovoltage should be applied to the tube.

. In ?cr to increase the intensity of x-radiation:

. ?.xccssive exposure of film to light prior to development of the film will most likely result
in: '

@( a fogged film.
. poor definition.

C. streaks.
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_ White crescent-shaped marks on an exposed x-ray film will most likely result jf: From -

Ay crimping film after exposure.
g( crimping film before exposure.
sudden extreme temperature change while processing.
D. warm or exhausted fixer.
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crimping film after exposure.
) sudden extreme temperature change while processing.
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. A penetrameter on the film side of the object is used to indicate:
. A. the size of discontinuities in a part.
B, the density of the film.

{C} ,the amount of film contrast.
;D.’ the quality of the radiographic technique.

. A fluorescent in n will:
‘/ orm alec romﬁc . . . . . .
T transform Xx-ray enc¥gy into visible or ultraviolet light to which a photographic
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C. decrease the graininess of the image when using gamma rays.
D. increase the definition in a radiograph.

. Lead foil screens are used in radiography:
A. to improve the quality of the radiograph by preferentially reducing the effect scatter.
%{ to reduce the exposure tme. '

. both A and B are reasons for using lead foil screens.
" neither A nor B are reasons for using lead foil screens.
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. With a given exposure time and kilovoltage, a properly exposed radiograph is obtained with
a 6 milliamperage-minutes exposurc at the distance of 20 inches. It is desired to increase
the sharpness of detail in the image by increasing the source-to-film distance to 40 inches.
The correct milliamperage-minutes exposure to obtain the desired radiographic density at
the increased distance is: :

Ay 12 milliamperage-minutes.

24 milliamperage-minutes.
© 3 milliamperage-minutes.

D. 1.7 milliamperage-minutes.

. ﬁ\agraph showing the relation between material thickness, kilovoltage and exposure is
ed:
A.pa bar chart.
¢ an exposure chart or technique chart.

( " acharacteristic curve.
D. aH& D curve.

. A graph which expresses the relationship between the logarithm of the exposure appliedto a
photographic material and the resulting photographic density is called:

a bar chart.

B., an exposure chart.
@ the characteristic curve.
a logarithmic chart.

. Two X-ray machines operating at the same nominal kilovoltage and milliamperage settings:

A. will produce the same intensities and qualities of radiation.

B. will produce the same intensities but may produce different qualities of radiation.

Cy will produce the same qualities but may produce different intensities of radiation.
' may give not only different intensities but also different qualities of radiation.

the subject contrast decreases.
_the film contrast increases.
C. the subject contrast increases.
D. the film contrast decreases. Vow G’f‘
3

. W@l producing radiographs, if the kilovoltage is increased:

_ An unshielded isotope source gives a dosage rate of 9500 mI{ per hour at 10 feet. What
would the unshielded dosage rate be at 30 feet?

A. 300 mR/hr. ) :
600 mR/hr. S
‘ 100 mR/hr. a
Dy 2700 mR/hr.
36. Beta particles are:
. . neutrons.
B,/ protons.
electrons.

D.. positrons.
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1 ULTRASONIC TESTING—OVERVIEW

The ultrasonic testing method uses the ability of high frequency sound waves, typically above
1 MHz (1,000,000 c.p.s.), to pass through materials. :

A probe containing one or two piezo electric crystals is used to transmit and receive ultrasonic
pulses. Ultrasound hitting any air interface, or an interface with a different material density,
i ic beam is reflected back and displayed on a cathode ray
tube (c.r.t.). The actual display relates to the time taken for the ultrasonic pulses to travel the
distance to an interface and back, i.e. longer the time taken, the further away the interface.

An interface could be the opposite side of the plate, therefore wall thickness measurements can
easily be made; the interface could be a defect, therefore defect detection and sizing is possible.

Lamination checks are easily carried out using ultrasonic methods; the opposite is true for
radiography. Welds can be tested using angle type probes, although this Tequires more operator
skill to apply and interpret results. Defects in welds can usually be located but the type of defect
may be difficult to identify.

Todetect a linear defect with radiography, the defects main axis must be in line with the radiation
beam; the opposite is true for ultrasonic flaw -detection, i.e. when using ultrasonic testing the
defects should ideally have their major face at 90" to the axis of the ultrasonic beam.

To enable the ultrasound to enter the test material, a couplant must be introduced, e.g. grease,
oil, glycerine or water, between the probe and the test surface. If couplant was omitted ultrasonic
testing would not be possible, because ultrasound does not travel very well through air.

One major disadvantage with commonly used portable equipment is that no permanent record
is produced, some manufacturers are now trying to rectify this situation although the equipment
available is currently expensive.

2 ULTRASOUND

2.1 Definition of ultrasound

Sound consists of periodic mechanical vibrations and waves which can travel through solids,
liquids.or gases.! There are various ways or modes in which the sound may travel, but all
involve the movement of particles which make up the medium through which the sound is
travelling. Sound will therefore not travel through a vacuum.

The human ear can detect sound up to a frequency of approximately 20,000 cycles per second
(c.p.s.), the sound beyond this audible frequency is termed wltrasound.

For N.D.T. purposes the test frequency® range used on metals is from 500,000 c.ps.
(0.5 MHz) to 25,000,000 c.p.s. (25 MHz).
2.2 The production of ultrasound

2.2.1 Piezo-electric crystals

Ultrasound for N.D.T. purposes is normally produced by crystals which use the piezo
electric effect. This effect is the property which certain crystals have of producing
electrical enétgy when subjected to mechanical force, and conversely, the crystals distort
and produce mechanical energy when they receive an electric current.

1 Not all wave types will be supported by liquids and gases.

2 Frequency, in this coatext, is the number of cycles which would pass a fixed point per second. Do not
confuse with pulse repetition frequency (p.rf.) which is the number of electrical pulses supplied to the probe
crystal per second.
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Piezo electric crystals are sometimes referred to as fransducers. A transducer is
something which can convert one form of energy into another.

If a piezo electric crystal is subjected to pulses of electric energy it will vibrate at a
frequency determined by the applied current and the crystal thickmess. Thin crystals
produce high frequency waves, thick crystals produce low frequency waves.

The frequency of the ultrasound produced is proportional to the frequency of crystal
vibrations.

The same crystal used to transmit nltrasonic energy may also be used to receive ultrasonic

energy, i.e. convert sound waves received into an electric current.

16 Jun 92

Crystal types suitable for use in ultrasonic testing are as follows:

a. Quartz: naturally occuring; hard and stable. .

b. Barium titanate: ceramic; excellent transmitter of ultrasound; good overal
efficiency; heat over 140°C destroys its properties.

c. Lead zrconate titanate: ceramic; good overall efficiency and sensitivity;
commonly used for industrial ultrasonic testing.

d. Lead metaniobate: capable of transmitting very narrow pulses; not as sensitive
as barium titanate; commonly used for industrial ultrasonic testing.

e. Lithium sulphate: excellent receiver of ultrasound; used little in industrial
N.D.T.—dissolves in water.

2.2.2 Probes

An ultrasonic probe is an assembly which fixes the crystal(s) at the required angle and
allows for the attachment of electrical connections to relay electrical signals from the
main test unit to the probe, and from the probe back to the test unit.

Probes also contain a damping medium, typically an epoxy or phenolic resin, which
prevents the crystal(s) from vibrating too long (ringing) after they have received an
electrical pulse. This results in better signal resolution on the c.r.t., i.e. seperate signals
are more easily identified.

Probes are categorized as to whether they consist of a single crystal, two crystals (twin
crystals) or many crystals; the latter type is rarely encountered. :

In a single-crystal probe, the crystal acts as a transmitter and a receiver, similar to a
two-way radio, i.e. the crystal will only receive when the talk is off. In a twin crystal
probe, one crystal transmits and the other receives.

Probes are also categorized by the angle at which they transmit ultrasound into the test
material. Two main divisions exist:

«  0° or normal probes; :
» angle probes, e.g. 457, 60°, 70°.

Probes are further categorized by the type of wave, or main type of wave, they transmit
into the test specimen:

compression or longitudinal waves;
shear or transverse waves;

surface or Rayleigh waves;

plate or Lamb waves.
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2.3 Wave types
2.3.1 Compression or longitudinal waves

These waves travel through a medium causing the particles of the material to oscillate
parallel with the axis of the beam.

jon waves are produced in steel if the incident angle of the beam in perspex is
less than approximately 27 A,

Probes which produce compression waves will normally have an incident angle of 07, or
close to 0°, thereby producing no refraction of the beam transmitted into the test material.

Longitudinal waves can travel in solids, liquids and gases.

2.3.2 Shear or transverse waves

These waves travel through a medium causing the particles of the material to oscillate
at 90° to the direction of travel.

Shear waves only' are produced in steel if the incident angle- of the beamn in perspex is
between approximately 27.4° and 56.4°. '
In practice, we are more concerned with refracted angles,i.c. we wish to know the angle

of the ultrasound travelling through the material under test, rather than the angle of the
ultrasound travelling through the perspex shoe.

Common refracted angles or probe angles used for steel are 45°, 60" and 70°.

Transverse waves will travel in solids only, i.e. they will not be supported in liquids
or gases.

some
applications in the acrospace industry. Their mode of propagation is elliptical along the
surface of a material up to a depth of one wavelength. They travel ata velocity of 90%
of that for a comresponding shear wave.

2.3.4 Plate or Lamb waves

These waves may: exist in.many. modes and are used to detect flaws in plate material.
Some modes will detect only surface flaws similar to surface waves while others may
also detect sub-surface flaws. Plate waves may be thought of as a complex combination
of compression and shear waves.

3 THE ULTRASONIC TEST UNIT

3.1 General

There is a variety of ultrasonic test equipment available from a variety of manufacturers,
however, portable test equipment using an A-scan display on a c.r.t. is by far the most
commonly used-

1 Itis possible to ;n'pduce more than one type of wave ina material at the same time, €.g. compression and
shear waves; this is undesirable for testing purposes.
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3.2 Displays

Ultrasonic data may be displayed on a c.r.t.! in a variety of ways:
A-scan: Displays received pulse amplitude (usually on y-axis) against pulse travel time
(usually on x-axis).
B-scan: Shows a two-dimensional graphical plot of the cross-sectional plane scanned
which is normal to the test surface, ¢.g. may display the apparent size and position of
a defect in the end or macro view of a weld.
C-scan: Shows a two-dimensional graphical projection of a scanned area in plan view
to the test surface, e.g. may display the apparent size and position of a defect in the plan
view of a weld.

D-scan: Shows a two-dimensional graphical projection of a scanned area normal to the
test surface and normal to the projection of the beam, e.g. may display the apparent size
and position of a defect in the side view of a weld.

3.3 A-scan display on a c.r.t.

The main compouent of an ultrasonic set for A-scan display is the c.r.t. which displays the
results of any checks performed. The c.r.t. consists of a phosphor screen which emits light
when struck by electrons which are constantly fired at the screen. The area of the screen
struck by the electrons is governed by the X and Y plates, which deflect the electron beam.

The X plates are connected to a sweep generator which is set to ensure the electron beam is
constantly sweeping the screen from left to right, producing a displayed bright line known
as the trime base.

The Y plates govern the vertical movement of the electron beam, these are connected, viaa
receiver amplifier and attenuation/gain control, to any incoming signals from the probe. Any
incoming signals cause the time base to deflect upwards at a point along its length which is
dependant on the distance of the reflector from the crystal(s) in the probe. .

3.4 Pulse generator (timer)

The pulse generator triggers the electrical pulses which are sent to the transmitter circuit and
the time base circuit. The pulse repetition frequency (p.r.f.) is typically between 50 and 4800
pulses a second. '

3.5 Pulse transmitter

The pulse transmitter delivers electrical energy to the crystal.

3.6 Time base circuit (sweep generator)

This circuit provides the green line of the time base by sweeping the electron beam
horizontally across the screen.

3.7 Receiver amplifier

“»
The receiver amplifier accepts and amplifies returning electrical pulses. An amplification
of 10,000 to 100,000 times is necessary because of the low energy of the returning electrical
signals. The amplifier must also reproduce the signals on the c.r.t. in direct proportion to
the incoming signals, i.e. input/output should be linear.

1 There are other methods of displaying ultrasonic data, e.g. on liquid crystal displays and facsimile.
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3.8 Controls
3.8.1 Range or calibration control

This control governs the distance represented by the full screen width and has the effect
of closing up or separating any signals on the screen when adjusted. For example,
adjusting the range may allow fora calibration across the full screen width to be 0-50 mm
(SOmm range); 0-100mm (100 mm range); SO mm-150 mm (100 mm range);
37-253 mm! (216 mm range) etc.. Therange control may allow the dispiay to represent
any distances from approximately 10 mm to 10 m. There are usually separate controls
for coarse and fine range adjustment.

3.8.2 Delay control

The delay control has the effect of moving any signals visible on the screen to the left
orright without altering the distance between them, e.g. for a fixed 50 mm range, altering
the delay may allow for a calibration across the full screen width to be 0-50 mm,
50-100 mm, or 100-150 mm.

3.8.3 Gain/attenuation.control

The gain control adjusts the amplification of incoming signals, and therefore the
amplitude of any signals displayed on the c.r.t. display. On most ultasonic sets this
control operates in steps and is calibrated in decibels (dB). There are usually two separate
controls for adjustment of gain, €.g. 20dB and 2 dB.

3.8.4 Miscellaneous controls

The range, delay and gain controls are the main controls which an operative will use
every time the test equipment is used. Other controls/switches present may include:

a. Double/single crystal selection switch: Sometimes this control is incorporated
with the onfoff switch.
b. Focus control: Adjusts the displayed trace so that it is as sharp as possible.

c. Reject or suppession control: Refects or suppresses any signal below a certain
amplitude and can be used to remove small unwanted signals from the trace.
This control has the effect of making the amplifier non-linear and therefore
defect sizing using the 20 dB or 6 dB drop technique should not be carried out
with the reject control set-above a certain level.

4 THE DECIBEL (dB)

The decibel is a logarithmic unit used to compare sound intensities.

The actual sound energy being transmitted by a probe is not known, therefore we can only
compare sound intensities and express them &s a ratio, j.e. twice as much, ten times as much
etc..

A change in sound intensity, expressed in dB, can be measured by comparing signal heights on
a calibrated c.r.t.. The change in dB is given by the formula:

dB =20 logmi—:

Where: L, and L, are the signals being compared.
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Example 1:
For two signals, one twice as high as the other, the difference in dB would be:

dB =20 log,oli-

b.
dB =20 logm%

dB =20 log,, 2
dB =20x%0.3010
dB =6.020

Example 2: '
For signals differing in height by a factor of ten, the difference in dB would be:

a. L,
dB =20log,,—
globz

dB =20 logmllq

dB =20 log,, 10
dB =20x 1.000
dB =20

Example 3:

Two reflectors, equidistant from the probe, have a dB difference of 14 dB between their
echo heights. What is the ratio of their respective echo heights?

dB =20 logmf'—q

14=20 logm%‘2

14 L,
—=log,s

20 L,

~

A -u'l 0.7 L
Hhiio =
s =L

5= L ~ratio = 5:1
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The gain/attenuation controls on a conventional ultrasonic flaw detection unit are calibrated in
decibels, e.g. if we reduce the intensity of ultrasound by 6 dB, any signal on the c.r.t. will drop
to a half of its initial height.

It is important to note that if suppression is introduced to remove small unwanted signals, the
linearity of the larger signal heights will be adversely affected.

Note: To increase the sound intensity by two times, or to reduce the intensity by half, we must
increase or decrease by 6 dB respectively. To increase the sound intensity by ten times, Or to
reduce the intensity to a tenth, we must increase or decrease by 20 dB respectively.

5 VELOCITY, FREQUENCY AND WAVELENGTH RELATIONSHIP

The velocity of ultrasound-depends on the type of wave transmitted, for example, compression
waves typically travel twice as fast as transverse waves in the same material. This is because
the different types of ultrasonic wave differ in their mode of progagation.

Ultrasound velocity also depends on the density and elasticity of the medium the waves are
passing through. :

Formula for longitudinal velocity:

C,= -l-z-x 1-o
. \}p (1+0)x(1-20)

Where: €, =m/s

E = Young’s modulus (N/m’)
p =density (kg/m’)
o = Poisson’s ratio

Formula for transverse velocity:

E 1
C.= \]Exz(no)

Where: C, =m/s
E = Young’s modulus (N/m’)
p =density (kg/m’)
o =Poisson’s ratio
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Velocities for compression waves and shear waves \

Material
Air

V. m/s
I —

332

V, m/s

Aluminium

6350

3080

Brass (70-30)

4372

2100

Cast iron

4500-4800

2160-2580

Copper

4769

2325

Gold

3240

1200

Iron

5957

3224

Lead

2400

Qil

1440

Perspex

2740

Carbon steel

5960

Stainless steel

5740-6100

Water

1483

790
1320
3240
3130-3360

Tungsten

5174

\
e —

Zinc

4170

2430 i

Zirconium

4650

2300

Like audible sound, ultrasound is produced in wave form. If we know the frequency and velocity

of ultrasound travelling through

A=
f

Where: A = wavé:lcngth (m)

a medium, we can calculate the ultrasound’s wavelength:

¢ = velocity (m/s)
f = frequency (c.p.s.)
More conventionally the wavelength is expressedin millimetres, therefore the following formula
applies:
¢ x 1000

=t

Where: = wavelength (mm)
¢ = velocity (m/s)
f =frequency (c.p-s.)
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Example: _
What is the wavelength of ultrasound ifa 5 MHz compression wave probe is used on steel?

a. ¢ x 1000
R L
f
5960 x 1000 mis
~ 5,000,000 c.ps.

c. A=1.192mm

A

6 ULTRASONIC TECHNIQUES
6.1 General

Ultrasonic testing may be carried out by using the fransmission technique or the pulse-echo
technique. See also time of flighs diffraction technigue in Appendix B.

Both the transmission and pulse-echo innes may. use the probe(s) in contact with the
: men—known as a contact technique; ot the ultrasound may pass via a water path before

entering the specimen—known as an immersion technique.
6.2 Transmission technique

The transmission technique requires two probes; one for transmitting and one for receiving.

The through transmission technique requires access to both sides of the object under test.
Any flaw located in the beam path will reduce or eliminate the received signal, indicating
the flaws presence. No flaw depth or flaw profile information is given.

Any loss of contact with a test specimen, or a loss of couplant, will also cause the received
signal to reduce in amplitude or disappear completely—this can give rise to incorrect
interpretations of the test results. ‘

The transmission technique can be used with angle probes and therefore eliminate the need
for access to both sides; this may be referred to as the pitch and catch technique.

6.3 Pulse-echo technique

This technique uses only one probe. Because the ultrasound is transmitted and received by
a single probe (single crystal or twin crystal), assessment of distance, e.g. to a flaw or
backwall, is casily carried out. The charactenistics of the received signal can also give an
indication of the nature of the flaw.

7 PROPAGATION OF ULTRASOUND
7.1 General

‘The propagation of ultrasonic waves in a material is dependant on the density and elastic
properties of that material and the type of wave transmitted.
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The practical considerations which will affect propagation will include:

the test material’s grain S1ZC,

attenuation (absorption and scatter effects),
acoustic impedance of the test material,
characteristic impedances of inclusions,
diffraction,

lack of homogenity,

anisotropic materials'.

7.2 Acoustic impedance

Acoustic impedanceis-the resistance of a matezial to:the passage of ultrasound.

It is the acoustic impedence ifference between two different i jums which
governs the intensity of ultrasound reflected from the interface between them. Conversely,
the amount of ultrasound passing from on¢ material to anotherdepends on this difference
between the two als- this difference is termed the acoustic impedance ratio.

If the acoustic impedances ials in inti identical, no reflection
of ultrasonic waves would i i 00% ultrasound
transmission would occur.

Air has a very high acoustic impednhce compared to steel and therefore will produce very
little transmission of ultrasound across the interface between them, in fact the reflection
would be close to 100%.

The acoustic impedance of a specific medium can be calculated by using:
Z=pc

= density of material: g/em’®
¢ = velocity of ultrasound in the material: cm x 10%s

The acoustic impedance ratio between two mediums can found by using:

B Z,-2, ’
—[Z,+ZJ x 100

Where: R = reflected encTgy %
Z, =acoustic impedance of first medium
Z, =acoustic impedance of second medium

1 The grains are random in orientation and have different elastic propesties in different directions.
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Example:

What percentage of ultrasound energy is reflected from a steel/water interface? (Steel:
Z = 45; water: Z = 1.5)

’a—aT
\Zz'*‘Z: x 100

4 2
45-15
1
45+ 1.5) x 100

(435
(365 x 100

d R=875%

The example given above shows that 87.5% of the ultrasonic enérgy is reflected when the
ultrasound reaches the interface between steel and water, therefore-only. 12.5% is being
transmitted into the second medium.

7.3 Couplant

Ultrasound in shear mode will not travel through air or any other gases. Ultrasound in
compression mode will travel through air, but because of a huge acoustic impedance
difference between a solid and a gas, the transmission of ultrasound into a test item from the
air is not possible in practical termns. '

Therefore it is necessary to introduce a medium, usually liquid or paste, between the probe
and the specimen to enable the uitrasound to be transmitted from one to the other.

Common couplants used:

Glycerine.
b. Swarfega.
c. Polycell-wallpaper paste.
d. Grease.
e. Water.

It is not advisable to use water based couplants on test blocks due to corrosion. For many
product test applications, water based couplants are specified/required due to the difficulty
in removing grease based couplants from the surface prior to coating/painting.

7.4 Attenuation

When sound travels through a material, it looses energy as it proceeds, this energy loss is
known as attenuation.

Attenuation is the process by which the intensity of the ultrasonic waves are reduced or
attenuated by the physical structure of the material. The reason for this attenuation is due
to the absorption and scattering of the ultrasonic waves. Attenuation is usually measured
in decibels per millimeter (dB/mm).

Absorption of the ultrasonic waves relates to the heat losses caused by internal friction;
absorption is greater with higher frequencies.

Scattering, which is multi-directional, occurs when the frequency of the probe chosen for
use has a wavelength whiph approaches the grain size of the material under test.
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The attenuation of the acoustic intensity of the beam is caused by fine inclusions, porosity,
the material’s grain structure and compositon.

See also Appendix A.

7.5 Diffraction

Diffraction may be defined as a wave passing near an object and having a tendency to become
bent towards itand around it. Diffraction may occur during standard pulse echo flaw detection
when a flaw exists with small dimensions in relation to the ultrasound wavelength; i.c. no
specular reflection may occur and therefore no echo will exist on the display.

8 REFLECTION—REFRACT ION—SNELLS LAW

8.1 Reflection

Ultrasonic waves are reflected by objects or interfaces in their path. The angle at which this
reflection takes place is governed by the law of reflection, which states:

Angle of incidence = angle of reflection.

8.2 Refraction

Refraction is the term used to explain what happens to an ultrasonic beam when it passes
from one medium (at velocity 1) toa different medium (at velocity 2), e.g. from perspex to
steel or vice versa.

The relationship between the incident and refracted angles is governed by Snells Law which
states:

o = angle of incidence
= angle of refraction

V, = velocity of ultrasound in first medium

V, = velocity of ultrasound in second medium
Example:
XVOhat is the refracted (probe) angle in steel if the incident angle in the probe is set at

*?

a.

v
SinB=‘—;xSina
1

43240 mis
o LMD L gin40°
Sinp 5740 stSm 0

Sinp=1.182 % 0.642
Sinp =0.7598
B =49°27’
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8.3 Mode conversions

A mode conversion can take place when an ultrasonic beam is incident upon a surface at an
angle other than 90°. It is simply the conversion of one mode of propagation to another,
e.g. compression waves to shear waves, or vice versa.

A mode conversion is achieved when a compression wave passes from the perspex shoe of
a conventional angle beam probe, or more correctly from the couplant, intoa steel test item.
Remember that liquid couplant will only Support compression waves. A mode conversion
is also achieved on any returning waves.

When mode conversions occur within the material being examined they can lead to spurious
indications on the display.

9 THE ULTRASONIC BEAM

9.1 The dead zone

Flaws, or other relectors, lying in the dead zone region of the beam will not be detected. The
dead zone can be seen at the start of a trace on a c.r.t. displaying A-scan, but only with single
crystal probes. ’

The dead zone increases when the probe frequency decreases.

9.2 The near zone

In this region of the beam, the sound intensity does not vary uniformly owing to wave
interference.

Reflectors/flaws lying in this zone may appear smaller or larger than their actual size; the
signal heights displayed on the c.r.t. are unpredictable so it is desirable to keep the near zone
length to a minimum.

The near zone length can be calculated using the following formula:

2
Near zone length (mm) =

Where: D = crystal diameter (mm)
% =wavelength (mm)
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-4

Since A =§ , the near zone formula may also be written: '

2
Near zone length (mm)=

f = frequency (c.p.s.)
¢ = velocity (mm/s)

It can be seen from the formula that the near zone can be decreased by decreasing the crystal
diameter or decreasing the probe frequency. |
Example:

Calculate the near zone length in steel for a 5 MHz compression wave probe 10 mm
diameter.

a. D*xf

Near zone length (mm)= Axc

b. 10? x 5,000,000
Near zone length (mm) = 4 % 5960, 000

4xc .
Where: D =crystal diameter (mm) %r
. i

q

50,000
2384

d. Near zone length (mm)=20.97 mm

Near zone length (mm) =
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9.3 The far zone

In the far zone of the ultrasonic beam there is no wave interference therefore the sound
intensity in this zone is predictable. .

The sound intensity reduces from 100% in the centre to 0% at the edge of the beam, therefore
when the ceatre of the beam hits a reflector/flaw the amplitude of the signal on the C.r.t. will
be at its maximum.

The sound intensity will also decrease with a greater distance (in the range axis) to a
reflector/flaw.

The amount of beam divergence depends upon the crystal size and the wavelength as shown
in the following half angle beam spread formula:

. KA
Sinf = D
Where: © = the half angle
K =aconstant
A = wavelength (mm)
D =crystal diameter (mm)

Since A =% , the formula may also be written:

Sme:Dxf

Where: D = crystal diameter (mm)

f = frequency (cps)
¢ = velocity (mm/s)

It may be seen from the above formula, that the beam divergence can be decreased by
increasing the crystal diameter or increasing the probe frequency. Unfortunately this will
extend the length of the near zone. So in probe design there is a compromise to obtain
minimal beam spread and near zone.

Example:
Calculate the 0% half angle in steel fora4 MHz compression wave probe witha 10 mm
crystal diameter.
a. . Kxc
Sin® = Dxf
_ 1.22x5,960,000
~ 10x4,000,000
727.12
Sin0 =<
in® =-2000
Sin6=0.1818
0 = 10.47° (10°28")

Sin6
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9.4 Side lobes

Side lobes are secondary lobes to the primary ultrasonic beam or main lobe which are formed
at the face of a transducer and radiate away from the main lobe. They represent areas of
high and low acoustic intensities and may cause unwanted echoes to be received by the
probe, especially on rough surfaces, which may be mistaken for flaws on the c.r.t.

For shear wave probes, the minimum beam angle in steel is approximately 33° to 357, but
at these relatively acute angles, side lobes may be formed which, although usually negligible,
may cause spurious indications on the c.r.L. For this reason it is usually safer to set the
minimum beam angle for shear wave probes in steel at 40°, i
The narrower the main lobe, i.e. the smaller the half-angle of the beam, the weaker and more
numerous the side lobes. :

10 RESOLUTION

Resolution or resolving power, or more correctly range resolution, relates to the ability of an
ultrasonic flaw detection system to differentiate between two or more discontinuities which lie

in close proximity in the range axis.

Range resolution is governed by the pulse length produced by a probe. The smaller the pulse
length the better the resolution.

The shape of an ultrasonic pulse is governed by the following variables:

a. Frequency (governed by crystal thickness).

b. Amount of crystal damping.

c. Initial energy applied to the crystal.

d. Velocity of sound in the material.
Ideally, a pulse should build up and decay rapidly, in practice this is not possible to achieve
without introducing a damping material which is in contact with the crystal to prevent any
unwanted ringing. A crystal which has not been damped would result in a long pulse with
exponential decay on intensity.

Pulse length may be determined from the following formula:

A =§x number of waves

A probe will not resolve two flaws, unless their separation is equal to or more than half the pulse
length.
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APPENDIX A CALCULATING ATTENUATION AND TRANSFER LOSS
A.1 Calculating attenuation

What is the attenuation in a material using a 5 MHz, 10 mm longitudinal wave probe for a
plate thickness of 40 mm?

1. Calculate the near zone for a 10 mm, 5 MHz probe-—answer is 21 mm.

2. Ifthe probeis placed on the 40 mm thick section of the plate, we will obtain signals on
a0-200mmea1ibrawdﬁmebascat40mm.80nnn,l mm, 160 mm, 200 mm.

3. Three near zones® need to be taken into consideration therefore 3 x 21 = 63mm. The
first signal beyond 63 mmiis the repeat reflection at 80 mm. The second signal (80 mm)
and the fourth-signal-(160 mm)-will be used for comparison.

If the signal amplification difference between the second and fourth signals was 11 dB
and the total path distance travelled between the second and fourth signal was 160 mm
(2 x beam path for 80 mm), then the attenuation at $ MHz would be:

% dB per mm = 03125 dBlmm (03 dB/mm)

6 dB was deducted from 11 dB because -6 dB was due to the law of large reflectors and
represented a half of the reference signal.

The remaining 5 dB was due to attenuation over the given path length.

A2 Measurement of transfer loss and attenuation

1. With the flaw detector calibrated for shear wave pulse echo, place two identical shear
wave probes in opposition to each other on the surface of the calibration block, one full
skip distance apart. _

Hfa:;ling obtained the maximum echo, mark the tip height with chinagraph on the screen
of thecrt.

Keeping the same gain setting, repeat this exercise at two skip distances apart, then
ﬁm skips, etc.. until a decay curve for the calibration block can be drawn by joining
ese points.

Repeat this exercise at one.skip distance apart on the specimen under test, keeping the
same gain-setting. Note how many i i i ise the maximum
i curve for the calibration block; this is the

calibration block and the specimen.

1 The radiation laws for large reflectors states that the amplitude of a signal will half if the distance is doubled.
This statement is truc when the distance being considered is beyond three near zones, with the reference
signal set at a given height




RUANE & T P O'NEILL

APPENDIX B THE TIME OF FLIGHT DIFFRACTION TECHNIQUE (TOFD)

This technique can be used tolocate flaws using a wide ultrasonic beamto achieve full volumetric
coverage.of a weld in a single pass, but is normally used to size cracks or vertical planar flaws
by measuring the flaw tp depths. TOFD data is usually displayed using B-scan or D-scan
presentations. :

probes, or angled compression wave probes,
transmit the ultrasonic energy. The weak
imilar receiver probes on the opposite side

of the weld.

The TOFD method only sizes the through thickness depth of flaws, the accuracy often being
within +/-0.5 mm. Flaw:orientation angles-up-to:30™ (from the normal to the surface) can also
be determined, by measuring the transmitter stand-off distance from an appropriate surface
reference point and noting the diffraction positions from the top and bottom of the flaw.

If a surface breaking crack exists, no lateral echo or surface di ion echo is obtained, only
the diffraction echo from the crack tip is received. .

The TOFED system is not greatly inflnenced by changes in crack tip transparency due to
compression stresses or if the discontinuity contains liquid or solid matter; this gives the
technique an advantage over the other methods. .

It is possible for 75° to 80" shear wave probes to be used, but this often results in difficulty in
the location of diffraction echoesin the presence of mode change echoes which may occur earlier
in time than the backwall echo.
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APPENDIX C ECHODYNAMIC PATTERNS

An echodynamic pattern is defined in BS 3923 : Part 1 as: "the form of change in signal height
and shape on traversing the ultrasonic beam in two mutually perpendicular directions across an
imperfection’. The following echodynamic patterns are identified:

Pattern 1: .
The A-scan presentation shows a single sharp echo which rises smoothly in amplitude to
a single maximum before falling smoothly to zero. The following diagram shows Pattern 1

from a point reflector.

Pattern 2:

The A-scan presentation shows a single sharp echo for all probe positions. As the probe
is scanned the amplitude rises smoothly to a plateau, which is held with or without minor
(+4 dB) amplitude variations with further probe movement, before falling smoothly to zero.
The following diagram shows Pattern 2 from a large smooth planar reflector near normal

incidence.
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-

Pattern 3a: l ‘
The A-scan presentation shows a single ragged echo for all probe positions. As the probe

is scanned, the echo shows large (+6 dB) random fluctuations in amplitude. The following

diagram shows Pattern 3a from a large irregular reflector near normal incidence. l

Pattern 3b:
The A-scan presentation shows an extended train of signals (subsidiary peaks) within a

bell-shaped pulse envelope. As the probe is scanned, each subsidiary peak travels through
the pulse envelope, rising to its own maximum amplitude towards the centre, and then

falling.
The overall signal shows large (+6 dB) random fluctuations in amplitude. The following
diagram shows Pattern 3b from a large irregular reflector at oblique incidence.
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Pattern 4:

The A-scan presentation shows a cluster of signals which may be resolved or unresolved
in range. The following diagram shows Pattern 4 from a multiple imperfection. As the
probe is scanned, the signals rise and fall at random, each separate signal, if resolved,
showing Pattern 1 response.
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APPENDIX D BS 3923—TEST PROCEDURE AND REPORTING
D 1 Test procedure

The BS 3923— Methods for ultrasonic examination of welds requires a test procedure to be
prepared for the particular weld or class of welds to be examined.

The following information and instructions must cither be included in the test procedure or
be given to the operator through other relevant documentation:
a. examination Level,
b. type(s) of ferritic parent material and form (i.e. cast, forged or rolled, etc.),
c. manufacturing stage at which examination is to be made, and post-weld heat
treatment if any,

joint preparation and dimensions,
welding procedure,
surface condition category,
couplant,
type of ultrasonic flaw detector,
details of scans and probes to be employed,
method of sensitivity setting, and scanning and evaluation levels to be applied,
design and use of special test blocks Gf any),
method to be used for referencing positions of imperfections (if found),
reporting requirements,
acceptance standard,
o. operator qualification.
Additional Information
Immediately prior to examination, the operator must be informed of any local deviations

from joint preparation drawn in the welding procedure, and shall be given details of any
repairs already made.

S A L

° 3

D 2 Presentation of results

For each weld:examined,.the. operator must submit a signed report containing the following
information:

a. job identification and material,
b. identification of detailed test procedure,

c. stage of manufacture at which examination was made, including state of heat
treatment,

identity of operator and certification status,
date of test,

sketch of weld configuration as inspected showing all relevant dimensions, and
one or more cross-sectional views,

type of ultrasonic flaw detector used (including serial number),
details of probes used, including make, type and frequency,
calibraton block used,

test sensitivity and evaluation/recording levels applied,

method of correction employed for attenuation and transfer loss,
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k. method of correction employed for attenuation and transfer loss,

L sketch showing extent of scanning, in particular, detailing areas which, due to the
geometry or surface condition of the component, could not be fully examined in
accordance with the detailed test procedure,

a report on the parent metal examination describing any local heterogeneities
(e.g. laminations, surface imperfections, areas of high attenuation) which may
adversely affect the weld examination at such locations; if no such heterogeneities
are found, a statement to this effect shall be included in the operator’s report,
testresults in accordance with the requirements in table 30 (see 17.4), and including
imperfection location in relation to the reference datum points shown in the detailed
test procedure,

Note:-A suggested notational system for recording imperfection dimensions is
illustrated in appendix P.

o. for flaws which lie outside the acceptance criteria, a plotted illustration of such
flaws.

The operator’s report shall either include a statement rcg-arding the acceptability or
otherwise of each of the recorded imperfections in relation to the acceptance standard
or shall be accompanied by such a statement by a supervisor or other responsible person.
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APPENDIX E STANDARDS
Specification for calibration blocks for use in ultrasonic flaw detection

BS 2704
BS 3683

Part 4:

BS 3889
Part 1

BS 3923

Part 1:
Part 2:

BS 4124
BS 4331

Part 1:
Part 2:

Part 3

BS 5996

BS 6208
DD 174
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Glossary of terms used in non-destructive testing
Ultrasonic flaw detection

Methods for non-destructive testing of pipes and tubes

Methods of automatic ultrasonic testing for the detection of imperfections in
wrought steel tubes

Methods for ultrasonic examination of welds
Methods for manual examination of fusion welds in ferritic steels
Automatic examination of fusion welded butt joints in ferritic steels

Methods for ultrasonic detection of imperfections in steel forgings

Methods for assessing the performance characteristics of ultrasonic flaw
detection equipment

Overall performance: on-site methods

Electrical performance

Guidance on the in-service monitoring of probes (excluding immersion
probes)

Methods for ultrasonic testing and specifying quality grades of femitic steel
plate

Method for ultrasonic testing of ferritic steel castings including quality levels

Guide to the calibration and setting up of the ultrasonic time of flight
diffraction (TOFD) technique for the location and sizing of flaws.
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LEVEL 2 - ULTRASONIC TESTING - GENERAL

PAPER No. UT2G1

NAME: o ceeeeteememressmsmeeasenesarasssasessasrassases RESULTS:

COMPANY: ..oeiceinrrreneasesnsnsasssa s o sanasnees

Under most clrcumstanoes which of the following frequencies would result in the best
resolving power when testing C-Mn steel?

A. 1 kilohertz.

K | vV
%;nggg A - /F

5 megahertz.

Which of the following materials of the same alloy is most likely to produce the greatest
amount of sound attenuation over a given distance?

An extrusion.
D. The attenuation is equal in all materials.

A, A hand forging.
@ A coarse grained casting.

Grass on a CRT display could be caused by:

A. acrack.
B., a large inclusion.

@( a coarse grained material.
D. a gas pocket.

A test method employing two separate probes on opposite surfaces of the material being
tested is called:

A. contact testing.

B, surface wave testing.
through-transmission testing.
Lamb wave testing.

The number of complete waves which pass a given point in a given period of time (usually
one second) is referred to as the:

A. amplitude of a wave motion.

ES pulse length of a wave motion.
D

frequency of a wave motion.
wavelength of a wave motion.




When the motion of the panticles of a medium is parallel t to the d:recnon of the
propagation, the wave being wransmiued is called a: " . o LW 5 :

-0@ longitudinal wave.
.  shear wave.
Rayleigh wave.
D. Lamb wave.

25 million cycles per second can also be stated as: =
A. 25 kilohernaz.
B. /2500 kilohertz.
@ 25 megahertz.
25 microhertz.

[n an A-scan presentation, the horizontal base_line represents the; ===~

A. amount of reflected ultrasonic sound energy.

B_/ distance travelled by the probe. e pmeme e e e e

.. elapsed time or distance. e d B s et e G S e
D. None of the above. S

In an A-scan presentanon, the amplitude of w:mcal indications on thc scrccn represents

the; . N
g amount of ultrasonic sound energy rctummg to the probe.
distance travelled by the probe. e S
C. thickness of material being tested, ... jiveno -
D. elapsed time since the ultrasonic pulse was gcneratcd

V2 contained within Snells Law represents the:

amount of sound refraction in the second medium
.+ velocity in the second medium.
amount of ultrasound transmitted across the mu:rface between the two materials.
D. near zone length in the second medium.

I1.  The piezoelectric material in the probe:

A. converts electrical energy to mechanical energy.

B. converts mechanical energy to electrical energy.
\(6‘.‘,‘ Both A and B.

Neither A nor B.

PV

I2. The angle of incidence is:

A. greater than the angle of reflection.
B/ less than the angle of reflection.
equal to the angle of reflection.
(D. not rclated to the angle of reflection.

-

13. The gradual loss of sonic energy as the ultrasonic vibrations travel through the matcnal is
referred to as:

A. reflection.
B. refraction.

.C./ reproducibility.
@ attenuation.




40. When testing a specimen, using a 0" probe, a decrease in a wave frequency (obtainced by
changing the probe) will result in:

A. an increase in sound velocity.

a decrease in sound velocity.
no change in velocity.
no change in wavelength.

Common. W), Prkis
Sheor Wau Pm:r:m 0*’3 Sﬁﬂ” C’EY’HL

Hr\?ﬂl I 45,60°70°+4-5 MHz. .

Normal ?@}ZW (°+4-5 MHz.
Comprtadion " Cool duanddir =10+15m,

OD




The phenomenon whereby an ultrasonic wave changes direction when the wave Crosses a

boundary between matenals with different velocities is cailed:

? refraction.
_ reflection.

C. penetration.
D. rarefraction.

How many echoes would be present on the C.R.T. if a V1 (A2) block is used 10 calibrate a
N?“al probe O to 50mm, on the 25mm dimension?

2.

B. 4.
C. &
D. 16.
The 1.Smm hole in a V1 (A2) test block may be used to:
A. determine the resolution of a probe.
B.s determine the pulsc width.

¥ set the test sensitivity.

# All of the above.

An echo is set at full screen height on a vertically calibrated C.R.T. then the sound is
reduced by 6dB:

@.J( the echo will drop by 50% of its initial height.
B. the echo will drop 10 20% full screen height.
C. the echo will probably disappear off the screen.
D. the echo will drop to 10% full screen height.

What is the thickness of a V2 (A4) test block?
12.5mm.

p .

., 20mm.
‘( Both the above are possible.
D. 25mm.

What does 23mm of perspex represent ina V1 (A2) block when using compression
probes?

A. 100mm of steel
rB' 23mm of steel
\g 50mm of steel
” 100mm of aluminium
Which of the following N.D.T. methods is the best to use on ferromagnetic materials?

A. Magnetic particle 1esting.
B. Radiographic testing.

s Ultrasonic testing. )
. It depends on many factors, N.D.T. methods are usually complimentary.




21. _Which of the following statements are true? *':‘_: :s.. o
;@ The higher the probe frequency the fastcr the sound travels through a matcnal
B., The higher the probe frequency the slower the sound travels through a material.
——@ The higher the frequency the more sound is lost due to auenuanon losses
D. Immersion testing requires a grease based couplant.
PRI - NS B S
Which wave type travels the fastest in steel?  :** ' - N
A. Longitudinal. I hd

. Shear. !
Surface.
‘ 3¥ Depends on the probe frequency.

Which of the following formulae is incorrect? :-

A. D?
- Nearzone = —

4\

Sin@ = kl

%
0

D*xf

Nearzone =
4x

D = crystal diameter
A = wavelength

0 =§anglc

f = frequency
c = velocity

24.  Which of the following formulae is incorrect?

@ Half skip distance = wall thickness x tan of thc probe angle
B. Opp
Sin = Hyp

~D ,_s

[
1.08 x¢

10%half £ =7

25. Sound attenudtion in a material is due to:

Uij/ absorption and scattering.
B. reflection and refraction.
C. density and velocity.

D. density and elasticity.




When the incident angle is chosen between the first and second critical angles, the
ultrasonic waves generated in the est specimen will be:

A+ longitudinal.
B) shear.
> surface.
Lamb.

27.  Which British Standard relates to N.D.T. terms?

A. BS 2704
B. BS 2910.
S 5996.

BS 3683.

28.  Which of the following statements is true in relation to carrying out ultrasonic testing on a
steel rectangular block using normal probes?

A. Itis possible to know the exact size of a defect by measuring the echo height.

. Itis possible to know the exact size of a defect by assessing the echo shape.
A small echo on the C.R.T. may be a large significant defect.

None of the above are true.

29, Calculate the wavelength for a frequency of 4.25MHz at a velocity of 5800 metres per
second:

A, 0.73mm.
1.36mm.
. 0.073mm.
D. 0.136mm

30. Of the following scan types. which produces a plan view of any defective areas under test?

@) A-scan.
B-scan.
C-scan.

D. D-scan.

31. A smooth flat discontinuiiy whose major plane is perpendicular to the direction of sound
propagation may be indicated by:
_A. an echo amplitude comparable in magnitude to the back surface reflection.

a complete loss of back surface reflection.
an echo amplitude larger in magnitude than the back surface reflection.

(D) All of the above are possible.

32.  Which of the following transducers produces the least beam spread in the far zone?

, 1MHz, 10mm diameter crystal.
5MHz, 25mm diameter crystal.
2MHz, 25inm diameter crystal.

D. S5MHz, 10mm diameter crystal

e




33.  Which is the British Standard for ultrasonic test blocks"

BS 2704.

. BS 2910.
C. BS 5996.
D. BS 6072

Ulgasonic waves in a test material are:

electromagnetic waves.

low voltage electrical fields.
C. radio waves. . o
mechanical vibrations. , N

When an incident ultrasonic wave impinges upon an interface of two materials with
different acoustic impedance values at an anglc other than normal to the surface, the wave
may be: T

A. reflected.
B. refracted.

C., mode converted.
@ All of the above.

Which of the following single crystal probes wou.ld contain the thinnest crystal?

A, A 21 MH2z compression probe. : .o
@ A 15 MHz compression probe.

C. A 5 MHz angle probe.
D. A 10 MHz angle probe.

Which of the following statements best defines refraction?

A. The ability of an ultrasonic pulse to locate a small defect. g
B. The ability of an ultrasonic pulse to show a small defect on the C.R.'I‘ .
C. The ability of an ultrasonic test to show the C.R.T. the scparate signals from two or l

more defects lying in close proximity.
@ The deviadon from the normal path of the bcam due to dxffcn:m matcnal vclocmcs.

The velocity of sound waves is primarily dependcnt .on. . L - l

the pulse length. ; "14'_‘?' - st

the frequency. R

the material in which the sound is being transmmed and the mode of vnbranon
D. None of the above. ,

39. In immersion testing, the most commonly uséd couplant is:

walter.

oil.
C. glycerine®
D. alcohol.




BAD REPORT EXAMPLE |

OBSCURE INSPECTION COMPANY

MAGNETIC PARTICLE INSPECTION REPORT

Test item:
Weld 21 and 22 on fabrication number Iﬁ A.
Weld details: .

Material: Carbon steel

Weld process: @

Weld preparation: 60°

Root gap:

c. [rrelevant indication at six o'clock position on w22
Action:

All defects to be removed by grinding and cleared by penetrant testing
before re-welding.

~y




BAD REPORT EXAMPLE 2

OBSCURE INSPECTION COMPANY

RADIOGRAPHIC TESTING REPORT

Test item: ° *”r'“i%ifodt,3°‘° Nomber, Paga & Report Number .

Butt weld No. 654 in bonler tube, 50 mm x 6.35 mm.
Weld informadon: .
Materal: ‘é:e;f__‘,%wot o.novak c}n{‘o.ul.
Weld process: MMA ,
Bevel angle 70° ‘jIncLUdtl o not-
Root gap 1l No real Face , |
Test information:

Technique:

Radiation type:

% e-
‘i ckm?uzs elc.

Quality: Density 1.3%
Defects :“LOSWE 10

5 _ N
" Quality: Dexmtym

Defects: Defect free

Ne
Quality: Density 2.8-41 "-‘"
100 mm x 10.mm’ <

o <tardarks, mte,chf}, e,

Would advise defects to be repaired. Shot B is

SIGNED: ... b:&mﬁ B Jones

REPORT DATE:

Wo ct;Uo.(s }Q.'{?C




BAD REPORT EXAMPLE 3

— ]
OBSCURE INSPECTION COMPANY

ULTRASONIC [NSPECTION REPORT

r—f
—

Weld No.

Weld 234

Weld details:

Material: Stainless steel
Weld process: MMA

Weld angle: 60° Single vee
Root gap: 2 mm
Equipment:

Ultrasonic flaw detector

i
L0

e

All defects to be removed and checked by MPI before re-welding.

Comments:

i




REPORT EXAMPLE 4

OBSCURE INSPECTION COMPANY

ULTRASONIC INSPECTION REPORT

Report ref. no: 12345 Dateof test:  10/6/92 Sheet 1 of 1

Work location: Lossof Power Station

Ultrasonic test procedure applicable: A2121

Defect acceptance/rejection criteria: BS 2633

Material type: Low carbon steel

Weld identification: L2-W6

Weld process: Tig root; mma Wall thickness: 20 mm
fill & cap

Type of joint: Single vee; pipe Weld preparation: 60" included angle
' 33 1.5 mm root face
1.5 mm root gap

* s

Ultrasonic test equipment type: Sonatest 110 Serial No. S45445

Probes used: Couplant: Glycerine

Double compression ia. TaLMHZ 0

Single shear F_ 1a.” - 45 Ser I'O-l N u”%
Single shear 1I0mmdia™¥ -SMHz 60° .. o
Single shear 10 mmdiay, SMHz GEER

_— R

Scanning patterns: to procedure No. A2121

Sensitivity: 0" scanning: 2nd BWE
Angle probe scanning: 1.5 mm hol

Calibration: 100 mm range from A4 calibration block

Report on test item:

Date of test: .
Quals




REPORT EXAMPLE 5

OBSCURE INSPECTION COMPANY

ULTRASONIC INSPECTION REPORT

Reportref.no: 34 Date of test: 11/6/92 Sheet 1 of 1

Work location: Lossof Power Station

ﬁ

Ultrasonic test procedure applicable: A33

Defect acceptance/rejection criteria: BS 2633

— ﬁ

Weld identification: Spool 7 W66 Material type: Low carbon steel

Weld process: }r°"d, Mma root; tig fill | Wall thickness: 25 mm
-] - & cap T, _"I

Type of joint: Single vee Weld preparation: 70" bevel angle 15 incly Q‘i
No ikm 2.0 mm root face '

2.0 mm root gap

—_————

Ultrasonic test equipment type: Krautkramer USK7  Serial No. KK445

Probes used: Couplant: Yes Type.

Double shear 10 mm dia. 4 MHz
Single comp. "s'fm _< 10 mm dia: 5 MHz

g;-,.— 4.5°

10 mm dia. SMHz 70°

e

Single comp.

Scanning patterns: to standard T g heg Sh:.mlad‘* X

Sensitivity: * scanning: 2nd BWE to FSH whaX .
Angle probe scanning: 1.5 mm hole from calibration block §) M-t

Calibration: 100 mm range from calibration block W \-\q-;\: Rle CK

Report on test item:
Acceptable to specification
what 7
Attengation <heck
Posf -C [ea.r\ .

Name: B K Jones

Signature:

Date Of teSL: ccceeecsssarernnesssnsesavssases




AUDIT & INSPECTION SERVICES ULTRASONIC PROCEDURE No.AIS/UT/001 _'

TWI-Ruane Limited Issue No.1
Meadowbank Road Date of issue: 20-1-1996

Rotherham, South Yorkshire. S61 2NF Page No.11 of 15

REPORTING OF RESULTS

A report shall be prepared for every weld inspected. This report shall include the following information
as a minimum:- :

()

(xvi)

(vii)

Client.
ftem number.
Weld identification.

Operator's name, signature and qualifications.
Date of test.

Flaw detector used (including serial no.).

Details of all probes used including all performance checks required by section 8 of this
document.

Reference and inspection sensitivities employed for each DAC curve.

Details of all areas where the surface preparation is out ot specification, including individual
profile sketches.

All attenuation measurements and the resultant mean.

Weld inspection designs for the various weld geometries, including areas of limited coverage
due to surface flatness, parent material quality, geometry, or access problems.

Details of all flaws which exceed the recording threshold (see section 16.4).
Where a flaw has been sized using probe movement techniques, it shall be shown on a full size

cross-sectional drawing, indicating the through wall dimension of the flaw. A table of the stand-
off and range measurements together with the stand-off datums shall be included.

Details of any restrictions to test.

The position of any inspection datums used and the dimensions of the component under test
(circumference, weld thickness).

The report number(s) of any complementary inspection reports (if known).

Flaw sizing technique.

ACCEPTANCE/REJECTION OF REPORTED INDICATIONS

All reported indications observed in new welds should be evaluated and sentenced in accordance with
the relevant British Standard or Product Specification, i.e. BS 2633:1987 or BS 1113:1989 depending
on location and type of welded component.




BS 499 : Part 2 1980

Table 10.®* Numerical indication of process

No.

Process

Process

4
a1
42
43
44

441
45

Arc wetding

Metgl-arc welding without gas protection
Metal-arc welding with covered electrode
Gravity arc welding with covered electrode
Bare wire metal arc welding

Flux cored metal-arc welding

Coated wire metal-arc welding

Firecracker welding

Submerged arc welding

Submerged arc welding with wire electrode
Submerged arc welding with strip electrode
Gas shielded metal -arc welding

MG welding

MAG welding’ metal-arc welding with non-inert

gas shield
Flux cored metal-arc welding with non-inert
gas shield

Gas-shielded welding with non consumable electrode

TIG welding .
Atomic-hydrogen welding
Plasma arc welding

Other arc welding processes
Carbon arc welding
Rotating arc welding

Resistance welding

Spot welding

Seam welding

Lap seam welding

Seam welding with strip
Projection welding

Flash welding

Resgistance butt welding

Other resistance welding processes
HF resistance welding

Gas welding

Oxy-fuel gas welding
Oxy-acetylene welding
Oxy-propane welding
Oxy-hydrogen welding
Air fuel gas welding
Air-acetylene welding
Air-propane welding

Solid phase welding; Pressure welding
Ultrasonic welding

Friction welding

Forge welding

Welding by high mechanical energy
Explosive welding

DifHfusion welding

Gas pressure weilding
Cold welding

Other welding processes
Thermit welding
Electroslag welding
Electrogas welding
Induction welding
Light radiation welding
Laser welding

Arc image welding
infrared welding
Electron beam welding
Percussion welding
Stud welding

Arc stud welding
Resistance stud welding

Brazing, soldering and braze welding
Brazing

Infrared brazing

Flame brazing

Furnace brazing

Dip brazing

Salt bath brazing
(nduction brazing
Ultrasonic brazing
Resistance brazing
Diffusion brazing
Friction brazing
Vacuum brazing

Other brazing processe:
Soldering

inirared soldering
Flame soldering
Furnace soldering

Dip soldering

Salt bath soldering
Induction soldering
Ultrasonic soldering
Resistance soldering
Diffusion soldering
Flow soldering
Soldering with soldering iron
Friction soldering
Vacuum soldering
Other soldering processes
Braze we.ing

Gas braze welding

Arc braze welding

* This table complies with tnternationsl Standard 15O angld




W ding and
ied processes
1t ave hoading
e clding
aiomic hydrogen welding
bare metel arc welding
c bon arc welding
1as
shielded
twin
¢ clrogas
{ x cored arc welding
gas metal arc weidiny
ouised arc
ihort cuculing are
£ s tungsten arc welding
pulsed arc
r'~sma arc welding
s clded metal arc welding
s..d arc welding
submerged arc welding
ierics '
12 ng
arc brazing
block brazing
¢ “bun arc branng
¢ fusion brazing
dip brazing
Mow brazing
{ ‘nace brazng
1 luction brazing
infrared brazing
r~sistance brazing
U ch brazing
th._. welding processes
clectron beam welding
high vacuum
medium vacuum
nonvacuum
clectroslag welding
I w welding
i Juction welding
laser beam welding
thermit welding
x uel gas welding
. - acetylene welding
oxyacetylene welding
oxyhydrogen welding
essure gas welding
:¢ tance welding
flash welding
~=rcussion welding
ojection welding
. -sistance scam welding
high frequency

| citer
designation

“Table 1
Designation of Welding and Allied Processes by Letters

Welding and
allied processes

Lecuer
designation

ARD
AW
AHW
BMAW
CAW
CAW-G
CAW-S
CAW-T
FGW
FCAW
OGMAW
GaMaANw-P
GMAW-S
GTAW
GTAW.P
PAW
SMAW
sSw
SAW
SAWS
B

AB

BB
CAB
DFB
DB
FL.B

FB

IB

IRB

RB

TB

EBW
EBW-HV
EBW-MV
EBW-NV

ESW

FLOW
W

LBW

™

OFW
AAW
OAW
OHW

PGW

RW

FWwW

PEW

PW
RSEW
RSEW-HF

mductio -
resistanee spot welding
upser welding
high frequency
induction
soldering
dip soldering
lurnace soldering
induction soldenng
infrared soldening
won soldering
resistance soldenng
1orch soldering
wave saldering
solid-state welding
coextrusion welding
cold welding
diffusion welding
explosion welding
forge welding
friction welding
hot pressure welding
rofl welding
ultrasonic welding
thermal cutting
arc cutting
air carbon arc cutting
carbon arc cutung
gas metal arc cutting
gas tungsten arc culting
metal arc cutting
plasma arc cutting
shielded metal arc cutting
electron beam cutting
laser beam cutting
air
evaporative
inert gas
oxygen
OXYyEen cutting
chemical flux cutting
metal powder cutting
oxyfucl gas cutting
oxyacetylene culting
oxyhydrogen cutting
oxynatural gas cutting
oxypropane cutting
OXygen arc cutling
oxygen lance cutling
thermal spraying
arc spraying
Nlame spraying
plasma spraying

RSEW-|
RSW
Lw
UW-HF
uw-|
S

DS
FS

IS
IRS
INS
RS
T8
WS
SSW
CEW
Cw
LDFW
EXW
Fow
FRW
HPW
ROW
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Fracture Surface Replicas

Introduction -
Fatigue and Brittle Fracture are the two most im-

portant forms of service failure n wetded structures,
the former, because it accounts for more than 90% of
all service faitures and the latter because, although
care in occurrence, britle fractures are usually catas-
trophic particularly in economic terms, and can also
cause loss of life. The accompanying set of fracture
surface replicas shows examples of these two modes
of failure. There are four examples of each mode, and
the notes which foltow describe the fracture surfaces
in detail, drawing attention to those features of the
fracture surface that are particularly helpful in inter-
pretation. Whilst all but two of the surfaces illustrated
are from failures of laboratory specimens, the
essential features are similar to those that would be
observed in service failures.

Fatigue Fracture Surfaces (Nos. 1-4)
Fatigue is a form of structural faiture caused by the
action of flucwuating stress. It occurs at general
stresses below the yield stress of the material used.
and initiates at some form of stress concentration in
the structure. |n welded structures such stress con-
centeations arise either as a resuit of the external
geometry of the weld or as internat discontinuities in
the form of weld defects. The colléction includes four
fatigue fractures covering the principal types of stress
concentration which can be anticipated in welded
joints. Two of the fracture surfaces are those
associated with typical design details and two with
common internal defects. The two design details are
a non-load-carrying fillet weld and a butt weld, both
transverse to the applied stress. (Note, however. that
welds paratlel to the apglied stress also create stress
concentrations, either at the ends of discontinuous
welds or at surface and root irregularities in con-
tinuous welds.) The failures initiating from internal
defects illustrate a failure from slag inclusions in a’butt
wetd. and a failure from a small pore in 3 shaft which

References

1. Gurmey. T. R
“Fatigue of welded structures”
Cambridge University Press, 1968.

had been repaired by welding. The lour faitures are
described in detail below. Relference 1 provides ane
of the best general introductions 1o’ the fatigue of
welded structures.

Brittle Fracture Surfaces (Nos. 5-8)

Brittle fractures in steel structures usually occur
without visible or audible warning at stresses less
than the nominal yield stress. Such fractures usually
initiate at sharp notches or crack-like defects and may
subsequently propagate through a complete structure,
the crack fronts travelling at several times the speed of
sound in air. For most lower strength structural steels.
the fracture surfaces tend to have a bright crystalline
appearance resulting from cleavage in the micro-
structure, but in high yield strength alloy steels, the
fracture surfaces often appear relatively dull, corre-
sponding to very fine cleavage facets or tine dimpling,
due to the formation and coalescence of small voids
during fracture.

Three conditions are necessary before a brittle
fracture can occur. These are a defect {usually a
crack), a tensile stress transverse to the defect and a
microstructure which is susceptible at the temperature
of interest. Structural steels display transitional
behaviour from brittle cleavage fracture to ductile
fracture with increasing temperature. The tempera-
ture-at which this transition occurs is influenced by
material thickness. Thicker sections enable a higher
degree of wriaxial stress to be maintained at crack tips.
and for this reason they remain brittle at higher
temperatures than thinner secuons.

Four brittle fracture specimens are included in the
collection. two of which have been taken from
service failures investigated at The Weiding Institute.
The other two fractures are from specimens of a type
used in the laboratory o assess fracture toughness
and show the difference in fracture behaviour of a
particular material at two temperatures.
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[
ac.ure Surface No. 1
itigue initiating from the toe of a transverse

,n oad-carrying fillet weld

i s virtually impossible to design a complex
elged structure without fillet welds. Due to their
.ape. and the presence of small defects (2) at the

olc toe (Figure 1) these constitute severe Stress
st 3. either across the plate where the stress 1S
ynsverse to the weld, or at the weld end for welds
srallel to the direction of stressing. Consequently.
e tigue strengths of many welded structures are
ct ed by the unavoidable presence of fillet welds.
he [racture surface of that commonly
pserved in the case O

te welds. Figure 2 sho

ari ; of which this specimen was part. and the actual
,s1 1esult for the specimen is indicated by an 2fow in
1e diagram.

f .ints to note on the fracture surface (Figure 3)
re 1at the fatigue failure has initiated at the toes of
-e welds on the two opposite surfaces of the load-
arrying plate and that it has initiated at a number of
i 's along these weld toes (a. b. ¢. d and p. Q. r).
‘hi e separately initiated fatigue cracks on each side
,ave been joined up by steps in the fracture surface
nore or less perpendicular to its plane. Once the
eg rately initiated cracks on each side had joined up.
he ‘atigue cracks on the two opposite sides of the

I
T

Stress concentration
at weld end

ig. I Non-load-carrying fillet welds.

specimen grew in an appr

oximately semi-elliptical

fashion until they, in turn, eventually joined up in.a

similar fashion by shear lips (Fig
ductile fracture (X) represents a ré

ure 4). The final
latively small pro-

portion of the overall area of the fracture surface.
Scanning electron Microscopy of the flatter features

of the fracture surface wou
fatigue striations associated wit

id show the individual
h each cycle of

loading. The shiny regions at each end of the load-
carrying section were caused by the two broken
halves hammering together immediately after failure

(i.e. before the testing machin

e had stopped).

Other features to note are the surface ripples of the

weld beads, which indicate t

in two passes. each starting

the non-load-carrying attachment
ted towards the centre, where th
stop position of the second weld
Both surface ripples and start an
provide easy initiation sites for fatigue failure
suilably oriented with respect t
Note particularly the yndercut at
provided a particularly good initia

nat each weld was made
from one of the ends of
and being deposi-
e smooth circular
bead can be seen (F).
d stop positions can

if

o the stress system.
G which would have
tion site for fatigue

in this specimen, if it had opcurred on the other side of

the weld bead.

Stress concentration
at weld toe

Liongitudinal
weld

Transverse weld




lower [imit stress =0

Upper limit stress, N/mm2

100

2 5
3 x 104 9 106

Endurance, cycles

Fig 2 S-N curve for transverse non-load-carrying fillet welds.

. 3>

Non load carrying section
et oo P : [ T - .

19 3 Faugue Ifracture inftiated at 3 transverse non-foad-carrying fillet weld,

ti) e

Initiation

{in)

Intermed;jate

(¢1id)

Advanced

development

19 4 Schematie wndication of the iiliation and growth of fatigue cracks to form the surface shown in Fig. 3.

k!




_racture Surface No. 2
Fatigue initiating at the edge of a transverse
utt weld ’ _ ‘

A perfect butt weld whose surface is flush with the
wate surface should have very littie stress concen-
trating effect, butin practlice, because excess metal 15
‘3posited, the fatigue strength of transverse bull

«elds is critically dependent on the weld profile {3).
_trengths at 2 miilion cycles can vary between 75 and
180 N/mm? and although the profile can be improved
* y grinding, commercially this is very expensive.

The sample in the collection is of a butt weld
cigure 5), deposited using an automatic weltding
process, in this case submerged-arc welding. An 5-N
-rve for this type of joint is shown in Figure 6, and

jain the result for the actual specimen is indicated.
. utomatic welding produces a very uniform weld toe
profile and it is of interest to observe on the fracture
-rface (Figure 5) that fatigue crack initiation has

ken place over almost the entire length of one side
_f the specimen (A-A"}). Also, because of the uniform

Fig. § Fatigue lracture initiated at the edge ol a transverse

Upper limit stress, N/mm<

Stress cancentration
at weld toe
100

3xwe 43 105

nature of the weld toe. the crack has initiated almost
entirely on one plane and such stepping as occurs
(B, C) between separately initiated cracks is far less
marked than in the case of the fillet weld described
above which was made using the manual metal-arc
process. The applied stress range in this specimen
was less than half the vietd stress of the plate material
so that the fatigue crack could propagate almost
entirely through the section before failure occurred
with the formation of the very small shear lips (D).
Other features of interest on the fracture surface are
the opening up of inclusions {E. F)} in the rolling
plane of the plate material at the extremities of the
fatigue crack, just before final fracture. This de-
lamination was caused by the extensive strain
occurring at the crack tip as final failure started, and is
not confined to fatigue fractures,

butt weld.

lower limit stress =0

AN

3 106

Endurance, cycies

""9- & S-N curve for transverse bulf welds.




Fracture Surface No 3
Fatigue failure from buried slag inclusions

Internal defects which can be found by radio-
graphy or ultrasonmics give nse 1o considerable
discussion between nspecting authonties and fabn -
cators. Nevertheless. research work carried out at The
Welding Institute and elsewhere throughout the
world has shown that, in many instances, internal
defects are less harmful from the view-point of
fatigue. than the typical design details which are
essential to all welded structures. such as the fillet
and butt weld referred to above.

The example given is one from a series of tests on
38mm thick butt welds. and contained three 6mm
long slag inclusions (A. B and C in Figure 7). The
(esults of this test series are shown in the form of an
S—N diagram in Figure 8 where the experimental
point corresponding (o this specimen is arrowed. All
three inclusions have inttiated fatigue cracks, and in
spite of the fact that the original inclusions were
elongated, the fatigue cracks developed into a3 more
or less circular configuration. This is entirely consis-
tent with the predictions of fracture mechanics which
show that the strain along the front of an advancing
crack in an infinite medium is uniform only when its
shape is circular. The effects of the edges of finite
members in real structures may modify this shape
slightly. Note the shear steps D and E between
cracks initiated at different points. of the inclusions
and the very fiat nature of the cracks in their early

Fig. 7 Fatigue fracture initiated at internal weld defects.

Upper Llimil stress, N/mm?

lower bimit stress =0

a5 109 3
3 x 104

stages of propagation. Towards the end of faugue
crack propagation, belore final failure, radial markings
are visible. These result from the higher local strains
at this late stage of propagation, forcing the crack
along preferred paths of weakness in the micro-
stwructure. These advance tongues of fracture whose
planes are not quite identical, join up shortly behind
the advancing crack front to leave the radial undula-
tons.

It is of interest to compare the fatigue strength
indicated by the S—N diagram of 140 N/mm® (9
tonf/in®) at 2 million cycles for this defective buut
weld with the fatigue strength at the same endurance
time for the filiet welded joint {Figure 2) of 125
N/mm? (8 1onf/in?). It should be noted, however that
this strength is high compared with that obtained for
most types of fillet welded joints—typically a non-
load-carrying fillet wetd will give a strength of 5-6
tonf/in? for an endurance of 2 = 10* cycles. The
conclusion from this comparison is that a structure
containing the fillet weld as a design detatl, with close
to it a butt weld containing the unintentional defects.
would fail preferentially from the fillet weld. Thus. in
such a structure it would be unnecessary 1o carry out
any repair welding for defects of the type under
consideration. Investigations of this type have led o
proposals for an acceptance standard for weld defecis
in structures subjected to fatigue toading (4}.

e e
el LI

106

Endurance, cycles

Fig 8 S-N curve for 38mm thick butt welds contaming bmm fong internal delects.




Eracture Surface No. 4

atigue of a shaft built up by welding

When the journals of crank and propeller shafts tatigue failure initiated from a small pore (P) near the

become worn it is common practice 10 buitd them up surface in the deposited layer. (Note also the region
hy varous wetding techniques and re-machins them of ductile failure, Q. and the shear lips R. S and T
, the original diameter. Since such shafts are formed as the two halves separated.) The S-N

ormally designed on a basis requiring the elimination diagram for reclaimed shafts is shown in Figure 10
of mechanical stress raisers, weld defects in the where the experimental point for this specimen is

huilding up layers become the most severe stress indicated. Thisis an example of a situation where. by
sisers present (5).

in such components, even very the careful elimination of other stress raisers, small
mall weld defects are capable of initiating fatigue interna! weld defects become most imporant, and «
cracks and it is generally obsarved that the fatigue emphasises the fact that the significance of any given
<trength of welded shafts is rarely more than 70% of type of weld defect should be considered only in
aat of the original unrepaired shaft. relation to the actual service requirements of the

The sample in the collection (Figure 9) shows 2 structure in which it exists.

Fig. 9 Fatigue fracture initisted from & pore neas the surface of a shaft built up by welding.

5 106

Endurance, cycles

3 x 104

Fig. 10 S-N curve for shalls reclaimed by welding.




ractuie Surface No S
Fracture initiation region of a brittie fracture
This surface (Fig 11} shows a number of features
wat are typcal of bratle fractures an welded siecd
Lwruciures The fracture started onmaied. fromaserm
elliptic surface crack (C) at the edge of a butl weld. It
il be noted 1hat. except {or a relatively small 457 shear
p along one surface (D). the lracwre plane 15 al
_pproximately 90° 1o the plate surfaces. A particularly
striking feature of the {racture surface is the pattern of
~arkings or striations which radiate from the surface
rack These are parucularly imporiant since they
_oint back towards the origin of the fracture, thus
aliowing the point of nitiation to be traced. Other
‘agrures of interest are shear lips such as occur at
oints £ and F. As on the fatgue fracture surlaces

discussed earlier, these shear hips are formed when
iwo advancing tongues of fracivre winch do not hie in
the same plane. are forced to 1o up  The reason
why a fracture which started in one plane subse-
guently split into several planes. probably lies in the
action of complex stress patterns ahead of the
advancing crack.

A less important butl :nteresung feawure of this
fracture surface is thal the crack has propagated nto
the thicker material 10 the left of the weld delecl
This behaviour refiects the tendency in common
structural steels for resistance to crack propagation
to decrease with increasing section thickness, be-
cause of the increase in triaxiality

Fig. 11 Brittle Fraciure surface showing region of fracture initiatian.

“-acture Surface No. 6
-acture propagation region of a brittle fracture
This 1s part of a service fraciure remote from the
region of fracture smilauon and shows charactensucs
pical ol a propagating crack {Fig 12) Note the small
iear lips along both plate surfaces. indicating that the
eifecuive stresses in Lhis instance were uriform across
the plate thickness and that the {raciure was very
iitle. It will also be observed that the surface
arkings have become more umiform and exhibit

ol o ]

prop

”

f

what 1s generally known as a ‘hernngbone’ or
‘chevron’ pattern. which point like a senes of arrows
back towards the origin of the fracture Clearly such
fracture surface characterisucs are extremely im-
porlant in investigations of service fallures, since they
indicate the direction of travel of fracture and allow
the region of fracture initiation to be traced.

gation

Frg 12 8ritle fraciure surface showng region of (33l fracture propagsation

7

|




acture Surfaces Nos. 7 and 8

boratory Fracture Toughness Tests

T ise were obtained from single edge notched
n (SENB) tests on mild steel plate The specunens
1t were used for these tests comphed with the
sign requirements for linear elastic fraclure mech-
'« test pieces (6, 7). The fractures in these
o mens (Figure 13) initiated from aruficially
juced defects that were made by machine notching
d fatigue cracking the specimens before testng.
e xtent of the fatigue crack is shown by the very
« th fracture surface (F) below the machined
sten tip. The purpose of the fatigue crack was 10
oduce a sharp natural crack tip. This is important
v resistance to fracture is affected by notch
u 4 i.e sharp crack-like defects decrease resis-
nce to fracture, and it must be remembered that
ttle fractures initiate from sharp cracks.

{ number of other variables also affect resistance
{ wtle fracture. For example, a decrease in temp-
ature usually makes structural and pressure vessel
sels more brittle. Thus, by making tests over a
n :of temperatures it is possible to demonstrate the
¢ ge from a low toughness (very brittle) 10 2 high
.ughness (very ductile) fracture. Figure 14 shows
e results of some SENB fracture mechanics tests and
d ates the relative fracture toughness of a specimen
s d at a temperature where the steel was brittle
Yigure 13a) and a similar specimen tested at 2

! .
£ ' 13 Fracture surlaces of SENB lest specimens ¢
(7) tow temperature tesi. {8) ambient temperature (€30

iemperature where the steel was tough (Figure 13b)
in the case of the specimen tested at a low tenpuera-
ture (Figure 13a). the poor resistance 1o cleavage at
this temperature resulted in 3 comparatively flat
fracture. normal to the plate surfaces. with just the
faintest evidence of a shear lip along the edges of the
fracture. In contrast, the specimen lested at room
temperature (Figure 13b) shows a flat central region
with very extensive 45° shear lips at the sides of the
specimen. The reason for this 1s that in the centre of
the specimen 2 triaxial stress sysiem developed
which caused a fat fracture normal to the major
stress direction. However, al the sides of the speci-
men, stresses normal to the surface could not be
supported and vyielding occurred. The resultant
biaxial stress system then aliowed shear 10 occur
along planes at 45° to the plate surface. The relaxaton
of the third stress component normal 1o the sides of
the specimen was caused by plastic deformation at the
surface. as evidenced by a small contraction across
the width of the specimen immediately below the
fatigue crack tp. Because these tests were carned
out in three-point bending, a large region of shear
fracture also developed from the base of this specimen
where compressive stresses were induced by the
applied bending stress and the reaction stress from

the anvil.

sed (0 measure {racture toughness in the laboratory.




W = 2 x plate thickness

\

Corresponding to
fracture surface No. 8.

Valid K1e

Corresponding to fracture surface No. 7

-60 -a0
Temperature, °C

;. 14 Fracture toughness transition curve for 8 50 mm thick mild steel,
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Mock Test
Time allowed: 1 hour

Instructions

. Sketch the fracture surface.
Indicate fracture initiation points.

. Show any weld defects if present.

. I[dentify primary mode of failure.

. Idemifyscomdarymodcoffailnre.

. StatcwhcﬂlcrfailmeocaxrredmmcwcldmaahpaMmctala'bah.
Wﬁmamdusimmmmmadse.pmvidcmmfodcﬁdawcwmpponywﬁrﬂings.

. Sign and date your report.

9. Ifin doubt, ask!

Welding Inspection Practical CSWIP)
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Fracture Surface Assessment
Report Form
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‘ Welding Inspection Practical ( CSWIP)
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Fracture Surface Assessment

Report Form
ﬁ
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F

INDICATION S -

A. MACHINED NOTCH . . (HENEEON [NDICATIONS .

3. SmooTH FIACTUEZE SuLfAace . E. GUAHT ZEDUCTION IN RREAT SHeall LIPS .
C . BeAch Mazk . r EinaL PoiNT of FRACTURE .

Pamary MobE ofF FAUULE: FATIGUE .
SEonDARY NoDE of FauugE - Berrie/DucTile (507 -507) .

CONCLUSION -
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Welding Inspecfion Practical (CSWIF)
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Name: Jaa,r F;re.s’fq,r
Date: 10 0 ‘1&

Signed: de] M Sresls
' ’ Welding Inspection Practicel (CSWIP)
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IoD TEST

o
E
—

I DICATIONS,

- MACHINED NoTcH

2 eprooTH FRACTOURE sSoRFACE

- SLIGWT BEACH MA ARY.

o -FLF\T'CRHC_;TGLL\NE FRACTURL SURFACE - T /RIS
- FAINT EVIDENCE ofF SHEAR LAPS,

FAmMARY MODE of FAILVAE FATIGUE.

LCONDARY ™MODE of FAILLRE’ BRATTLE FRACTORE.
W THE PARENTT MATER VAL,

F AWLURE OCCOURAED

¢t ONCLUSION.
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Name: ER\C  DORLEY
Date: /3[12/95
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' : Welding Inspection Practical (CSWIP)
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Fracture Surface Assessment
Report Form

" JICATIONS,
MACHINED NOTCH fsaw cuT
oMooTH FRACTURE SURFACE,
BEACHMAARD,

DuLL GREM FiIBRoUS SLAFACE APPEARRANCE,
CAULT LINE.

SHEAR 1P,
- LOCALSED TEARING AT FinAu FALORE,

FuaMAaRN MODE of FAWVRE: FATIGUE.
LEcONDARN MODE OF FAILURE . DucT\WE FRACTURE,

FALURE OCCURRED AT THE ToE of A TEE BUTT WELD SEE oUER)_
toNCLUSION.

()@a_\-\ésue. crac_\< WOS &C‘\‘-\Q(C;Q\\B n‘\chceck (9\ ¢ \‘\-.Q_ 5Qe¢£\mer\

Mo S 5UB\SQQ\'€(‘)\ \'O U (oS @o.\‘; we 5\'TC$$ u—;\'e\-\s',\'\'gs Yo

2 \\\oe Q\(e,\ \'nckuCQ =N Smoo\‘\n Qrac.\rutft Suvgo.cﬁ <(beo\c.\xmo.r\"?
’_:* ('_). ‘-\r\ (‘Zo.\'\\-( \DQCAC.\\ N‘CL'\"\<$ ot t_Sg_,O\\\\3 (\OSQC \O%Q_\'\\Q_C

4 ac’ o So o\:\)\‘ous_ :

el Auc.\"'~\2 OUC\‘\OQC\' seconc&c&( mo&l -OQ Qo:\\ur&, LS
cndle ¥ \-\“—ou-cb\h o SN afe

-\o\'ouS SurQo.c.( a@?emrahcz
b), O~ reAVQ\'\Of\ ‘v~ aleod :3“

@one \'\(3 C_F) cu\c)\ \oc::..\-\sec'lx
CRCA T Ay C&\' \'\'\Q_* ()0“"\\- oe €\l\°\\ C\-\\\-’(‘Q-
RN

ne (E), Pfo\bu\)\»\ duQ \o Cn \am\no.\r\b‘\ s a\se eu-\ck-e \’
Name: EALC DAALLM

Date /1 /72/ a5
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Material Properties Which Affect Distortion

a Coefficient Of Thermal Expansion:
This is the measure of the amount of expansion a material undergoes
when it is heated, or contracted when it is cooled. Materials of high
Thermal expansions expand more which allows for more distortion.

Thermal Conductivity:
Is a measure of the ease at which heat will flow through a material.

Materials of low thermal conductivity are more prone o higher
shrinkage/distortion when compared to materials of higher thermal
Conductivity.

s Yield Strength: |
On cooling stresses reach the yield point of material; Higher yield
points cause higher residual stresses that can act to increasc
distortion. When possible materials are best welded in their

annealed (low strength) conditions.

a Modulus Of Elasticity:

[s the a measure of a materials stiffness. High modulus resists
distortion.




Typical redrying procedure for Basic coated electrodes
(see specific manufacturers instructions)

BS 5135
Scale A | usein non-controlled condition

Redry to ensure
'‘Low Hydrogen'
condition

Store at 60% RH L |

BS 5135 Bake Hold use
at 2¢c above Scale B 120- 150% —

ambient temp. >10 g15ml H? 6 weeks max immediately
_

L _
BSS135 - Bake Hold

Scale C | 300-350% 120-150% —
>5 < 10ml Hy 2 Hrs 6 weeks max

_ ]

use
immediately

BS 5135 Bake Hold Quiver use
Scale D 400-450° 120-150% 70% min

i diatel
* Note: Redry 3 times max. . <5 ml Hy 2 Hrs 6 weeks max 4 hrs max immeciately

|

h 4
Discard unused electrodes

after 4 hrs




Basic coated electirode

m For basic coated electrodes to be classified as hydrogen controlled,
~ they must be able to produce welds with a hydrogen content below
15 ml of hydrogen per 100 g of weld metal deposited as to BS 639.

The above statement depends on many factors:

-The electrodes must be baked as to manufacturer's
recommendations. This is to drive off any moisture in the

electrodes' flux. Vacuum packs are available and do not require
pre-baking.

- The electrodes must be used with a minimum arc length.
Hydrogen enters the weld via the arc.
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Arc Energy; Heat Input

m Arc energy and heat input may not be the same.

m From amps, volts and travel speed we measure arc energy
(energy input).

m BS 5135 refers to arc energy for MMA which should be divided

by given factors to estimate conditions for the other
processes.

—_— -t O —

.0
8
.0
2

mIn prEN 1011 it is assumed that HI equals AE for submerged
arc welding and multiplying factors are applied for other
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Non Destructive testing is
. under inspection remains structurally sound, The defects

MAGNETIC PARTICLE OR DYE PENETRANT

are mainly that the specimen has to be
used on most materials and is widely us-

1.

This is normally the lowest
magnetised and indicates surface defects only.
ed throughout industry.

Magnetic Particle
Principle

a method of carrying out an inspection,

cost for basic equipment. The limitations
Dye penetrants can be

on a component or fabrication. The item
are indicated by one of the following methods:-

Magnetic Particle
Teosting

1. Apply particies

Current

F 1 force distorted whe:e
23 3 datect, cresting
potes

itic force

2. Examina 1n normal lighting (the work may be
lacauerad white palore magnetisation to incraase
contrast} of examng n ultra-violet tight using
fluorescent ink

3. Rapedt 23 NOCossary o

Current fow slong wiid:

Defect running scross weid not ravealsd

Notes
Only ferromagnetic wark tlerntic stosls and somse nicket alloys) can be rested.

The mathod 3 senstiva to cracks just under the suriaca. 10 tha extant that work may ba praparsd

their detection.

Work still magnetised. Magnatic particles sppliad a3 powdsr of
ink. Attracted 10 local polas at detect

raveos! cracks

@

Current flaw scross weld:
Defect running aiong weld not revesisd

by careful grinding, without the rasulting smeanng of matsl over fing cracks preventing

ial o t, it offers grester sensitivity and more rapid MEEECuaN

Though more complex in operation than penatrants. fag irng ¥ a

Penetrant
Testing

Penetrant
Principle

A penesrating Hud 18 applied to the surface of the
piace 16 be tested and is drawn into any defect. Its
presence is ravealed a3 shown.

\

1. Apply panetrant fluid. Allow tima for it 10 so8k into Gracks

2. Aemove surplus penetrant

Than either 3A or 38

3A Appty a chalky developar powder which soaks up ths dye panetiant
from any defect by reverse capiflary action A surafce stain indicates
any defect

Notes
The defact s directly indicated by tha dye wtain or Tk glow. The hod is
ground smoath, matal may be smeared over fine crachs and they will not show up.

Penatrant thid Deavaioper SSw e

Defact nd.cane

Than eaher JA or 38

3A. Apply a chalky devetaper powder which soaks up (he dye penetfant
from any dafect by réverse capillary sction. & surface stamn ncicats
any dafect.

Uira-vigiet lamp

Subdued lighting

38. View in ultra-viotet hght which causes the fluorsscent panetrant 1o glaw

10 surface scratchos or irregulanties. which may give confusing indecatons. If the surface s

With modern asrosols tasting is compatativety simple. For large thwoughputs, tanks may be used for dye apphicaton.

Dafscts csnnat readily b rewaided. 88 thay &8 COf d by the trapped P

inary check baf

hog aphy.

Tmnncmiqu.iswidelv-paﬁodn-WMviwdwwnu- i
SAFETY: Soma materials may contain infiamymable or toxic

2.  RADIOGRAPHY (X-RAYS)

Principle 1:X-Rays

Solid metal
Etectrons collide sbaorbs radiation
with anode smitting

soivents. Observe sy ventilation recommendations.

Radiation in the form of X or Gamma Rays are passed
through the specimen and a permanent record is kept
on Radiographic Film (X-Ray Plate). This method is
highly specialised and requires personnel with good
basic training in the particular technique.

X.rays

Cathoda heated. :
amus slectrons ' .

Principle 2:Gamma Rays

Gunde tube

Raduatwon
igamma ays)

LI}

%_.

1

Hgn voltage
wohly

Latent smage
on fitm

Datact absorns lads ragaton at delact depth)

Aadwograph - Shadow
image indicates defact
and iocates it in B plan
waw {no direct sndication

Working position
Ramote control Stovage positan of souwrce
A radiosciive 15010De BTULS gaMMa rays continucusly 1L cannot
be swiiched off whan nol 1 use, 50 R IE normatly stoled withun &

thack sheeld




CAL1BRATION

NI

$BLOCKS AND THEIR USES

1y The I.1I

W, (InternatiOnal Institute of Welding) Block

Vv or A2 Block

.';0‘\.‘.:4

v Foasean

Avr DmE@ms5i0ONE

Ie M0

ToLERArcE i'_ [= R B L]

USES

a) Compressional-Probes

1)

Calibration

Thicknesses available - 5, 10, 25, 100, 200 mm.

The perspex insert has a thickness of 23mm which
is equivalent to 50mm of steel. This serves as

a rough calibration check.

TWO OR MORE ECHOES ARE REQUIRED FOR CALIERATION

Since 9lmm compressional = 50mm shear, it is
possible to calibrate the time base for shear
velocity using a compressional probe.




irobo Ang e

() Approximatce - maximise on the 30mm draumet.r
itole and measure thoe angle on the onpgraved e

(b) Accurate - maximisce ot the Ho5mm “ole . mart
index position onto the block, draw a line e
the index point to the centre of the hole and
measure the refracted angle with 2 orotrac:»

Probe angle determination is best done on the (o
beam nrofile block which offers holes at variouns
depths, the averapge of af least 3 holes bong
recommnendned .

Probe Qutnut

Set the response from the 100mm radius to full
sercen height and note the number of di's 1n han

2) v2/A4 Calibration Block

A Diragrmsioms fa e
Hor€ Suizew avay e | dm—

Comrrmomty WIED O~ BTE

a) Compressional Probes

1) Calibration
In accordance with BS 2704, this block can be purchased having
a thickness of either 123 mm or 20 mm.

b) Shéar Probes

i) Calibration

When aiming at 25mm radius, signals occur at 25,
100, 175, 250, etc.

When aiming at 50mm radius, signals occur at 50,
125, 200, 275, etc.




ULTRASONIC TEST REPORT PROCEDURE

ULTRASONIC INSPECTION REPORT

IDENTITY TP 27
DATE 5.10.83
INSPECTOR J Smith
MATERTAL Mild steel

DIMENSIONS 32 mm x 240 mm

WELDING PROCESS M.M.A.

EDGE PREPARATION Single 'V' 60° included anple.
face and gap.

WELD SURFACE CONDITION Unground

PLATE SURFACE CONDITION As rolled

PLATE THICKNESS 32 mm

EQUIPMENT USX6

PROBES Angle Frequency
0° 5 MHz

45° 4 MHz
60° 4 MHz
70° 4 MHz

SENSITIVITIES :

Compressional. 2nd BWE to FSH from parent plate.
Angles response from 1.5mm hole at test depth to FSH.

REPORT

Parent plate compressional scan - DPlate 4 clean. Plate
B - isolated inclusions (small) throughout. Not affecting
Shear .

Weld - Defects as shown.

Transverse scan - No transverse defects.
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r ANSWERS FOR EXERCISE S.W.1.Nol

W ELD No 1

VWELD No 2

NELDNo4
ARROW SIDE: 8mm leg length fillet weld,

relded all way round
OTHER SIDE: Single "J" butt weld, 8mm
eepth of penetration, 2mm root face, weld

dl way round




ANSWERS FOR EXERCISE S.W.I. Nol

e V" butt weld.
ect set up.

DNo6 7
O v SIDE: 8mm single "J" butt weld, -
sq all way round, welded on site. Y

LD No7 12 —12

CW SIDE: 12mm leg length fillet weld, 7
| wroat thickness concaved. W

[FR SIDE: 12mm leg length fillet weld,
u throat thickness.

iLDNo 8
m leg length fillet weld welded both sides.

6

6

8
8

F'.DNo9
r leg length fillet weld welded both side,

o

(A

'FLD No 10
R LOW SIDE: Single bevel butt weld, depth

*penetration 10mm, root face 2mm.
1 {ER SIDE: 6mm leg length fillet weld.
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“NELD No 17
Jquare butt weld, welded all way round,
~ap reinforcement convexed.

WELD No 18 .
ARROW SIDE: Single "U" butt weld.

'WELD No 19

ARROW SIDE: Backing run.

OTHER SIDE: Single "V" butt weld, cap
reinforcement flushed off

WELD No 20 P i

ARROW SIDE: Double "J" butt weld with a Z

superimposed 8mm leg length fillet weld s ,%//%

WELD No 21

ARROW SIDE: 4mm leg length fillet weld
OTHER SIDE: Single bevel butt weld 14mm
depth of penetration, 6mm root face with a

6mm leg length fillet weld superimposed M




ANSWERS FOR EXERCISE S

W.1 Nol

) o 11
.¢ length fillet weld, welded all way

[ No 12
W S(;DE: 20mm leg length fillet weld, _ ,

Etlr _oat thi::kness. . e //
SIDE: 10mm leg length fillet 1d %

throat thickness.

Lo No 13 :
CW SIDE: Single bevel "J" butt weld,

lc using the MA.G. process.

D0 e R
.d both sides, 6mm 1€g ength fillet welds, _.._..-,_'—-‘_
a :in length, 25mm gaps between each weld, /////////////(/{/(//-/{/{////////////_//(///_//./4

ggered.

L.DNo 15
20 OW SIDE: Backing run flushed off.

I [ER SIDE: Single ny" butt weld 8mm
;pth of penetration, 4mm root face.

v,.LD No 16

[PROW SIDE: Single ] butt weld, cap
e forcement flushed off.




R ¢

p_—

137714 HIONITT 937 wwel ‘331S ¥3HLO a3d1am
a3sSOdWI¥3IdNS a13M 13 TTI4 HLON31 O3 Wi
V HLIM wwzi NOILYYL3N3d 40 H1d3a

o« 13A39 FTONIS 3AIS MOYUY

'NNY ONIMOVE :3dIS ¥3HLO d3dT3IM
wwol NOILVYLINId 40 HLd3d ‘a1am
11Nn9 A 3TONIS ‘3aAIS MOXYHY G3013M

'HSN14 LINIWIDYONITY dvO '313M
11Nn9 .N. ITONIS 3AIS ¥Y3HLO a3aTam

'alam Ling JA. 3718n0d

¥ \wfo._m\s 11ng z ud 66v S8




TIT I T T 77 7 7l 7l e 77

T

st Sy

R e e TSNS RN

o

Q
NN OS]

(@ \\\\V AR &N\ [ SN
ot ov

AT (7777777 77

TS SO SO NN IO N NN

*sSaUNOIY) Jeosy} ww ¢ 0t ‘Yibus| Be| ww Gt

‘DjoM 19[[l} XBAUOD SNONUJUOD Y BPIS JBYI0 PapIam

‘W GZ P|om Yoea uaamiaq aoueisip ay) ‘ww Gt

plam yoes jo yibua| ‘ssausoiy feolyl ww 2 ‘ybus) Bel
WIW O} SPIom 19|11y JusiiuLalul 931y | 8pis MoJJe paplem e

‘us
UO }NO palLIED 8q 0} SPIOM "SOPIS Yloq papiem sssundiul
1eoIyl ww p ‘yibus) B3] ww 9 ‘plam 19|j} SNONUILOD ¥V m

‘palebbels aq 0} SPIOM "W O Plem yoea usamiaq
aDUBISIP AU} ‘Wi OF Pjom Yoea jo yibus) ey ‘syibuay ba)
W Z| SPiom 19][1} Jusiiuelul OM] 18pIS U0 PapIam

"WW O plem Yoes uasmiag
aoueSIp 8} ‘W 0g piem yoes Jo uibus) auy ‘syibus) Ba
WL g ‘SPIOM 18|11} JUSIULBIUl 881U | :BpIS MOLIE PapIaM =

d 'sepIs Uloq
pep[am mSmcm_.mE 9 ‘PIoM 19||l} BAEOUOD SNONUILOD VY m

- Bay

@ spioM 19114 : ¢ Hed : 667 S9




|

i

) l Exe,rose. N;;_________ﬁ et = _.________ R |
i weld o - Z;L';; Mlaum ALMU o mm

1 J T -

‘ QI
AR NS SRR \\\\\\\\\\\\ S -—

y A oide — Swan- ﬁ&ﬂ,wm

OT\\nerl IOMLLGW}IW




| 1 270, | §
o g v N
oSl ;

stjﬂa 2&‘““:& H'Uo"““'lﬁ Jlgqomw = . -

s U b v &WWQW‘M J’/

\6)5«:?41 U“E“MWGT\WMQ/







[
I ANSWERS FOR EXERCISE S.W.I2

J&r LD No |
;mm leg length fillet weld, welded

i way round, welded on site. ///////////////

c o /
gmlele)gIl:ng%h fillet weld, welded //
al' way round. //// /

YELD No 3
A (ROW SIDE: 10mm leg length
finet weld.

OTHER SIDE: Single "J" butt weld,
d pth of penetration 20mm, 10mm
root face, 8mm leg length fillet weld
s perimposed.

v JELD No 4
ARROW SIDE: 8mm leg length
i let welds, space welded 10 welds

in total, 80mm long, 80mm gaps between
‘ -‘ch weld.

WELD No 5

RROW SIDE: 16mm leg length fillet
weld.

YTHER SIDE: 6mm leg length fillet weld

-y

////////////

- yeld.




|
:

'ELD No 14

_me as number 11.

WELD No 15
/ RROW SIDE: Single "U" butt weld,
cap reinforcement flushed off.

V'ELD No 16
ARROW SIDE: Single "U" butt weld.

WELD No 17

. RROW SIDE: 8mm leg length fillet weld.

ANSWERS FOR EXERCISE S.W.I.2
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\E,Pomo BoTH 51665
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B85 599 1
FILLET WIELD

waLBEd A why Round
Zmem LELG CONVEX

WELDING DETAILS
ALL FILLET \WELDS. Bram LEG LENATHS
UNLESS OTHERIMISE STATED

ALl WELDLS T BE WERLDED USING

M. M- A UNLESS OTHERWISE STHTED

O WL exercise yol

FIXED SUPPORT DETAILS

——d

2S5TUD BoLTSM 0% 790

85 499
/@ FILET WELD, WELDED

BOTH S1pE5 AL LENGTH

.. ___ INSTRUCTIONS
WELDS {73 SROW THE SYMBOL'T
BEPRESENT THEWELD SHOWN .

WELDS 4021 DISCUS THE WEL
‘SYM BOL. SHOWNA _3_SKETCH THE

JOINT-WELD AS YOU SEEIT
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LIFTING LUG DF TAILS.
ALL FILLET v

05 emm 156 LEnGTHS | [DISCUSS THE WELDI
UNLESS OTHER IS ™G TASES] \b m»mﬂ

SYMBOLS SHown 3
ALL \WELDS CONTINOUS UMLESS

THE JOINT-WELD AS You
OTHERWISE STRI L5 SEE T,







RECORD OF PROFESSIONAL

WELDING EXPERIENCE

lr;his section should record the principal features of your job specification for the pasts which you
have held during the past five years and should show your

indicate whether the responsibility s direct or
involved, piease photodopy pages and continue.

we!dlnqrsponslbmﬂes.ﬂease
lnead'lcase.!fmmanonepostls

CURRENT 106 TITLE
No. of subordinate staff

Employer

Employed from {date) __ ———
No. of employees . ————

principal prod ucts/activities

Materials Involved

Weiding processes used

' Codes and standards involved
[

| j0B SPECIFICATION
il Principal features showing welding respansibliities

Welding responsibliities are:
Direct Delegated

!—;ercentage of your time davated to above welding

responsbllities

roaGANOGRAM

i This section should show clearty your position In the organisation refated bath to senlor and
i subordinate taff and to other staff having welding responsibillties:

! puthenticated by (inttials)

_J

SEM/CSWIP/S511F/09.98

EiTreg-flIT-0-rr+




LR

Doc CR/113/98

EVIDENCE OF CONTINUING PROFESSTONAL DEVELOPMENT (crD)

CSWIP welding and Senior Welding Inspectors
tachnical developments in thetr field. Please

five years to support your renewal

official TW1 CPD Personal Retord Card with 8

form. Blank Record Cards are avaflable free of charge from

please indicate how you have kept
five years, for example, Internal oourses,
soclety.

L

Do you have a persenal formal CPD system ?
If yes, please give detalls of what it contains and outline your plan for the next flve years

AUTHENTICATION ~
name of respansible persan:
Tetephone number:

Authenticating signature or stamp:




rampmv NAME & ADDRESS

|- —

'NAME OF RESPONSIBLE PERSON **

" ELEPHONE NUMBER
Dates of employment BASIS *

To:

PAYE OR SELF/EMP

BRIEF QUTLINE OF WORX CARRIED QUT FOR THE ABOVE COMPANY
{please refer to separate guidance notes})

l COMPANY NAME & ADDRESS

NAME OF RESPONSIBLE PERSON **

TELEPHONE NUMBER
Dates of employment BASIS *

To:

PAYE OR SELF/EMP

BRIEF QUTLINE OF WORK CARRIED OUT FOR THE ABOVE COMPANY
(piease refer to separate guidance notes)

ICATING
SIGNATURE & STAMP

delete as applicable
& tetephoned to verify that tha work you conducted for him/her
renewal s sought.

This person may b
d relevant to the certificate for which

was satisfactory an
SEM/CSWIP/S511D/09.90

ATLPRB-REZT-0-TP+ ge:8@ @6BT/QT/EL




RENEWAL OF CSWIP CERTIFICATES (REQUIREMENTS — ravac <
LOG SHEET .

. CANDIDATE'S NAME

DATE OF BIRTH:

COMPANY NAME & ADDRESS

NAME OF RESPONSIBLE PERSON **

TELEPHONE NUMBER

Dates of employment BASIS *
To: PAYE OR SELF/EMP

BRIEFOUMNEOFWORKCARRIEDOUTFORNEABOVECOMPANY
(pteaserderuosepamteguidatmnutes)

CATING

COMPANY NAME & ADDRESS

NAME OF RESPONSIBLE PERSON hd

TELEPHONE NUMBER

Dates of employment BASIS *
To: PAYE OR SELF/EMP

BRIEF OUTLINE OF WORK CARRIED QUT FOR THE ABOVE COMPANY
{please refer to separate guidance notes)




r

~ANDIDATE’S NAME
DATE OF BIRTH:

l COMPANY NAME & ADDRESS

RENEWAL OF CSWIP CERTIFICATES (REQUIREMENTS — PAGE 2)

LOG SHEET

-
NAME OF RESPONSIBLE PERSON **
| TELEPHONE NUMBER

'|

BASIS *

Dates of employment
| From: To! PAYE OR SELF/EMP

BRIEF QOUTLINE OF WORK CARRIED OUT FOR THE ABOVE COMPANY
{please refer to separate guidance notes)

AUTHENTICATING
SIGNATURE & STAMP

P )

COMPANY NAME B. ADDRESS

| NAME OF RESPONSIBLE PERSON b

TELEPHONE NUMBER

Dates of employment BASIS *

PAYE OR SELF/EMP

To:

BRIEF OUTLINE OF WORK CARRIED OUT FOR THE ABOVE COMPANY
(please refer to separate quidance notes)

AUTHENTICATING
SIGNATURE & STAMP

................................ o
4




Ay

RECORD OF PROFESSTONAL WELDING EXPERIENCE

mhucﬂonshwwmmtdmepdndpalfeamaoprhspemmmmmmmm
MWhemdunngmmmmammmmmmmwm.
Indicata whether the :espofslbmwisdlre:torddegatedlneam:ase.lfmeuﬂnme
Involved, please photampypagsandcnnﬂnue.

CURRENT 308 TITLE

No. of subordinate staff Employed from (date)

Employer No.of employees

Principal products/activities
Materials involved
welding processes used
Codes and standards invoived

L

308 SPECIFICATION Welding responsibiiities are:
Principal features showing welding responsibillties Direct Delegated

percentage of your time devoted to above welding responsbiiities

ORGANOGRAM
This section shouid show clearly your postion in the organtsation related both to senlor and
subordinate staff and to other staff having welding responsibilites:

Authenticated by (inltials)

SEM/CSWIP/SS11F/09.98

TS SEHN3M FHL BIZPBEB-ELTI-0-PP+ gg:aB  26ET/QT/EC




(REQUIREMENTS - PAGE 4)
Doc CR/113/98

EVIDENCE OF CONTINUING PROFESSIONAL DEVELOPMENT {(cPD)

CSWIP Welding and Sen
technical developments In

Heamimmmmmmwtummmmwmmmmwmmm
five yaars, for example, internal courses, reading journals, external training, Membership of & welding
soclety:

Do you haveapersonalforrna!cPDsyshem?
1§ yas, please give details of what It contains and outtiine your plan for the next five years

AJSTHENTICATION ™
Name of responsible persan:
Telephone number:

Authenticating signature or stamp:

SEM/CSWIP/SS11E/09.98
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C{- APANY NAME & ADDRESS

NAME OF RESPONSIBLE PERSON **

T _EPHONE NUMBER

BASIS *
PAYE OR SELF/EMP

Dates of employment
Yo:

BRIEFOUTUNEOFWDRKCARRIEDOUTFORTI-IEABOVECDMPANY
(pbaselﬂummumgmm)

COMPANY NAME 8 ADDRESS

“JAME OF RESPONSIBLE PERSON **

§ TELEPHONE NUMBER

BASES *
PAYE OR SELF/EMP

Dates of empioyment
To:

BRIEF OUTLINE OF WORK CARRIED OUT FOR THE ABOVE COMPANY
(please refer to separate guldance notes)

AUTHENTIGATING
SIGNATURE & STAMP | |

e emammmr
E

delete as applicable
This person may be telephened to verify that the work you conductad for him/her
was satisfactory and relevant to the certificate for which renewai ks sought

SEN/CSWIP/S511D/09.58
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