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Welding Inspection 

An Introduction: 

In the fabrication indztstry it is common practice to employ Welding Inspectors to ensure 
that fabricated items meet minimum specified requirements and will be suitable for their 
intended applications. Employers need to ensure that Welding Inspectors have 
appropriate abilities, personal qualities and level of job knowledge in order to have 
confidence in their work. As a means of demonstrating this there are a number of 
internationally recognised schemes, under which a Welding Inspector may elect to 
become certified. 

The purpose of this text is to provide supporting WIS 5 (Welding Inspection of Steel 5) 
course reference notes for candidates seeking qualification in the Certification Scheme of 
Welding and Inspection Personnel CSWZP 3.113.0 Welding Inspectors examinations. 

A compete~zt Welding Inspector should posses a minimum level of relevant experience, 
and as such there are strict pre-examination experience requirements for the various 
examination grades. Each prospective CSWIP candidate should ensure their eligibility by 
evaluating experience requirements prior to applying for any CSWIP examination against 
the published document CSWIP-WI-6-92. (Requirementsfor Certzpcation of Welding 
Inspectors) All experience claims should be recorded on an indepeizdently verified CV. 

A proficient adad efficie~at Weldizg Inspector would require a sound level of knowledge 
in a wide variety of quality related technologies employed xvithin the many areas of the 
fabrication industry. As each sector sf  industry would rely more on specific processes 
m.d metl~ods of manufacture than others, it would be an impossible task to hope to 
encompass them all in any great depth within this text, therefore the main aim has been to 
generalise, or simplifj wherever possible. 

In a typical Welding Inspectors working day a high proportion of time would be spent in 
the practical visual inspection and assessment of welds on fabrications, and as such this 
also forms a large part of the assessment procedure for most examination schemes. 
BS EN 970 (Non-destructive Examination of Fusion Welds - Visual Examination) is a 
standard that gives guidance on welding inspection practices as applied in Europe. 
The standard contains the following general information: 

Basic requirements for welding inspection personnel. 
Information about conditions suitable for visual examination. 
Information about aids that may be needed/helpful for inspection. 
Guidance about the stages when visual inspection is appropriate. 
Guidance on what information to include in examination records. 

It should always be remembered that other codes and standards relating to welding 
inspection activities exist and may be applied to contract documents. 
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It could be generally stated that all welding inspectors should be: 

Familiar with the standards, rules and specifications relevant for the fabrication 
work being undertaken. (This may include National standards, Client standards and 
the Company's own 'in-house' standards) 
Informed about the welding processes/procedures to be used in production. 
Of high near visual acuity, in accordance with the applied scheme or standard. This 
should also be checked periodically. 

The important qualities/characteristics that proficient Welding Inspectors are expected to 
have include: 

Honesty 
A good standard of literacy and numeracy 
A good level of general fitness 

Welding Inspection is a job that demands the highest level of integrity, professionalism, 
competence, confidence and commitment, if it is to be carried out effectively, Practical 
experience of welding inspection in the fabrication industry together with a recognised 
qualification in Welding Inspection is a route towards satisfying the requirements for 
competency. 

The job of an inspector is not unlike that of a judge in my c s ~ d  of 'law, ir, ihzt it falls 
upon the Inspector \to interpret the vYriltLen word, and which on occasions can be a little 
grey. A balanced 2nd correct interpretation Is a h c t i o n  of howledge and exgerielace, 
but it must be remembered that it is 

The scope of work ~f the Welding Inspector c m  be very wide and vzried, koi~ever there 
are a number of topics tbat would be common to most areas of industry i.e. most 
fabricstions are produced from drawings, and it is the duty of the welding inspector to 
check that correct drawings and revisions have been issued for use during fabrication. 

The Duties of a Welding Inspector are an important list of tasks or checks that need to be 
carried out by the inspector, ensuring the job is completed to a level of quality specified. 
These tasks or checks are generally directed in the applied application standard. 
A typical list of a Welding Inspectors duties may be produced which for simplicity can be 
initially grouped into 3 specific areas: 

1) Before Welding 
2) During Welding 
3) After Welding (Including repairs) 

These 3 groups may be expanded to list all the specific tasks or checks that a competent 
WeIding Inspector may be directed to undertake whilst carrying out hisher duties. 
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It is the duty of all Welding Inspectors to ensure all operations concerning welding are 
carried out in strict accordance with written agreed practices, or specifications. 

This will include monitoring or checking a number of operations including: 

Before welding: 

Safety: 

Ensure that all operations are carried out in complete compliance with local, company, or 
National safety legislation (i.e. permits to work are in place). 

Documentation: 

Check specification. (Year and revision) 

Check drawings. (Correct revisions) Issued to relevant parties 

Check welding procedure specifications and welder approvals J 
Validate certificates of cdibration. (Welding equipment & inspection instruments) 

Cheek mzterid and consmable certification 

-- - 
Welding Process aglid ancillaries: 

Check vr'elding equipment and all related ancilllaries. (Cables, regulators, ovens, quivers etc.) 

Incoming @o~asnmab%es: 

Check pipe/plate and welding consurnables for size, condition, specification and storage. 

MarKrmg out prepspratism & set up: 

Check the: 

Correct method of cutting weld preparations. (Pre-Heat for thermal cutting if applicable) 

Correct preparation. (Relevant bevel angles, root face, root gap, root radius, land, etc.) 

Correct pre-welding distortion control. (Tacking, bridging, jigs, line up clamps, etc.) 

Correct levei and method of pre heat applied prior to tack weiding 

A11 tack weIding to be monitored and inspected. (Feathering of tacks may be required) 
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During welding: Monitor 

Weather conditions. (Mainly for site work, welding is penem&& halted when inclme~zt) 

Pre-heat values. (Heating method, location and control method) 

In-process distortion control. (Sequence or balanced welding) 

Consumable control. (Specification, size, condition, and any special treatments) 

Welding processes and all related variable parameters. (Voltage, amperage, travel speed, etc) 

Welding and/or purging gases. (Type, pressure/flow and control method) 

Welding conditions for root run/hot pass and all subsequent run, and inter-run cleaning. 

Minimum and/or maximum inter-pass temperatures. (Temperature and control method) 

Check Compliance with all other variables stated on the approved welding procedure 

After welding: 

Cany out visual inspection of the welded joint. (Including dimensional aspects) 

Check and monitor NDT requirements. (Method, qualification of operator, execution) 

Identify repairs from assessment of visual or NDT repofis. (Refer to repaisa belsw) 

Post weid heat treatment (PWHT) (He~tiag method and teaperatwe recor&ng system) 

Re-inspect with WDE/NDT after PWHT. (If applicable) 

Hydrostatic test procedures. (For pipelines on: pressure vessels) 

Repairs: 

Excavation procedure. (Approval and execution) 

Approval of the NDT procedures (For assessment of complete defect removal) 

Repair procedure. (Approval of re-welding procedures and welder approval) 

Execution of approved re-welding procedure. (Compljance with repair procedure) 

Re-inspect the repair area with visual inspection and approved NDT method 

Submission of inspection reports, and all related documents to the QIC department. 
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To be fully effective, a Welding Inspector requires a high level of knowledge, experience 
and a good understanding of the job. This should in turn earn some respect fiom the welder. 

Good Welding Inspectors should carry out their duties compedently, use their authority 
wisely and be constantly aware of their responsibilities. 

The main responsibilities of a Welding Inspector are: 

To Observe 

To observe all relevant actions related to weld quality throughout production. 
This will include a final visual inspection of the weld area. 

I To Record 
I 

To record, or log a11 production inspection points relevant to quality, including a final 
map and report sheet showing all identified welding imperfections. 

To Compare 

To compare all reported information with the acceptance levelslcriteria and clauses 
within the applied application standard. 

Submit a final inspection report of your findings to the QAIQC department f ~ r  
analysis and any remedial actions. 

-- 
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WIS 5 Section 1 Exercise: 

1) List 4 other areas that would generally be covered by a non-destructive 
examination (NDE) inspection standard for welds? 

1 Basic reauirements for welding inspection personnel 

2 

3 

4 

2) List other desirable characteristics that all welding inspectors should possess? 

1 Knowledge and Experience 

List 5 other areas of howledge with which a plroficknt welding inspector 
should be familiar with? 

i - Welding Processes 
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4) Define your duties as a Welding Inspector to your nominated code of practice. 

Target Volume: 
Target Time: 

Approximately 300 words (1.5 - 2 sides of i44 paper) 
15-20 minutes 

-- PA- 
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Terms and Definitions: 

A Weld: A Union @Materials Caased by Heat andfor Pressure 

i.e. '<The Process of Welding" 

A C~n~figlleration &Members 

Isa this sense "To be Welded" 
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Types of common welds 

Butt Welds 

Fillet Welds 

Plug/SIot Welds 

E k e  Welds 
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Types of common joints 

Butt Joints 

T Joints 

Lap Joints 
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Weld Preparations 

When welding, we need to fully fuse the entire width of the faces of both members. 
Mostly, we need to prepare or remove metal from the joint to allow access for the 
process, for full fusion of the faces. Grinding, flamelare cutting, or machining for this 
operation, but grinding back 1 or 2 mm may be required after flakelarc cutting. 

Bevel angle 

Root. face Included angle 

A I I 

' \ Root lnnd in~  

The purpose of a weld preparation is to allow access for the welding process, penetration 
and fusion through the complete area of the joint and its faces. The function of the root 
gap is to allow penetration. The function of the root face is to remove excess heat and act 
as a heat sink. The higher the arc energy of the process, then generally the wider is the 
root face. 

The simple rule is this: The more taken out then the more must be replaced. 

-- 
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Single Sided Butt Weld Preparations 

Single Bevel 

Single V 

Single U 

Single sided preparations are normally made on thinner materials, or when access from 
both sides is restricted. 

The selection may be also influenced by the capability of the welding process and the 
position of the joint, or the positional capability of available welding conswables, or the 
skill level available. 
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Double Sided Butt Weld Preparations 

Double Bevel 

Double V 

Double J 

Double U 

DouMe sided preparations axe pornally made on thicker materials, and w-hen access from 
both sides is unrestricted. They may also be used to control the effect of distortion, and 
in controlling economics, by reducing weld volume when welding thicker sections. 
It should be noted that it is not uncommon to find weld preparations that are of a 
compound or asymmetkal nature. Values & applications given below am on& typical: 

An asymmetricall/3 + 2/3 preparation, sometimes used to contro~lreduce the effect 
of contraction/distortion where access to sides is restricted. The 113 is welded first. 

A 
A compound angle preparation, used to reduce weld metal costs in thicker section. 

An asymmetrical bevel preparation, sometimes used in positional welding. 

-- 
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Welded Butt Joints 

A Butt Welded Butt Joint 

A Fillet Welded Butt Joint 

A Compound Welded Butt Joint 
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Welded T Joints 

A Fillet Welded T Joint 

A Butt Welded T Joint 

A Compound Welded T Joint 
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Welded Lap Joints 

A Fillet Welded Lap Joint 

A Spot Welded Lap Joint 

A Compound Welded Lap Joint 
{Not commonl~ use& 
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Welded Closed Corner Joints 

A Fillet Welded Closed Corner Joint 

A Butt Welded Closed Corner Joint 

A Compound Welded Closed Corner Joint 
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Welded Open Corner Joints 

An Inside Fillet Welded Open Corner Joint 

An Outside Fillet Welded Open Corner Joint 

A Do~b le  Fillet Welded Open Corner Joint 
- -- 
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Welding Imperfections: 

What are welding imperfections? 

Welding imperfections are discontinuities caused by the process of welding. 

All things contain impdections, howcver it is only when they fall outside of an applied 
"level of accepfmce" that they should be termed deficfs, as they may then render the 
product defective or unfit. for its purpose. The closeness of tolerance in m applied level 
of acceptance depends largely upon the application andor the level of quality required. 

As all fusion welds can be considered as castings they may contain imperfections 
zqsociated with the casting of metals, plus any other particular imperfections associated 
with the specific welding process being used. 

Welded components can have imperkctions, which can be classified as follows: 

Cracks 
Solid inclusions 
Surface and profile 
Misalignment 

Gas pores and cavities 
Lack of fusion 
MechanicaYSurface damage 

Cracks sornetirncs occur in wcided materiais, and may be caused by a great nxmber of 
fdciors. Generally, we can say thdt for any cmck like imperfection to occur in a maleria), 
there are 3 criteria that must be present: 

',( )> j: 
a) A force h Restraint A weakened structure 

Typical types of hot and cold cracks that will be discussed later in the course are: 

+Y . '4 1) H2 Cracks 
2)  Solidification Cracks Lamellar Tears 

A Material's likelihood to crack during welding can be evaluated under the term 
Weidability. This may be defined as: 

i' \: "The ease with which materiaIs may be welded by the common welding processes" 

AII cracks have sharp edges, which produce high stress concentrations. This generally 
results in rapid progression, however this also depends on the propehes of the metal. 

4 l Cracks are ciassified as phanar imperfections as they generally have only 2 visible, or 
measurable dimensions i.e. length arid depth. Most fall into the defects category, though 
some standards will allow a degree of so called "crater, or star " cracking. 

- .- ,--a 
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Gas pores, porosity, cavities and pipes 

Gas pores 
These are singular gas filled cavities I 1.5mrn diameter, created during solidification of 
the weld and the expulsion or evolution of gases from solution in solidifying weld metal. 
Tkey are generally spherical in appearance though they may extend to form elongated 
gas cavities, or Worm holes depending on the conditions of soIidification. The term used 
to describe an areas o f  rounded gas pores is Porosity, which may be further classified by 
the rlurnber, size and grouping of the pores within the area (i.e. Fine, or coarse cluster 
porosity) Gases may be formed by the breakdown of paints, oil based products: corrosion 
or anti corrosion products that have been left on the plates to be welded. A singular gas 
.filled cavity of >1.5mm diameter is termed a Btow hole Porosity can occur during the 

)(& MIG or TIG process by the temporary loss of gas shielding, and/or ingress of air into the 
arc coimn and may also be caused by an incorrect setting of the shielding gas flow rate. 
Gas poreslporosity may also break the welds surface where they are known as surface 
porosity. Porosity may be found in deep SAW or MMA welds due to damp fluxes or 
damaged MAE4 electrode coatings. Porosity may be prevented by correct cleaning of 
materials, correct setting and shielding when using the TIG or MIG welding processes, 
and using dry undamaged consumables. 

Hollow root bead (Elongared Gas Cuviv) 

Shrinkage cavities 
'fiese are internd voids or cavities that are generally formed during the solidification of 
large single welds of high depth to width ratio (d:w) as with SAW or MIGMAG. They 
may be defined as hot plastic tears caused by large opposing contractional forces in the 
weld and HAZ until the ductility of the hot metal is overcome resulting in a tear. 
Shrinkage cavities can produce high concentrations of stress at their sharp edges, which 
may propagate cracks to the weld surface appearing around the weId centreline. 

Crater Pipes 
Caused at the end of a weld run, where insufficient filler metal is applied to fill the crater. 
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Solid inclusions 
Y I 

SoIid inclusions can be metallic or nun-metalk that are trapped in the weld. The type of 
solid inclusion is really dependant on the welding process being used. In welding 
processes that use fluxes to form all the required functions of shielding and chemical 
clcming, such as MMA and SAW, slag inclusions may occur, Other welding processes 

>%T 

suck as MIGMAG and TIG use silicon, aluminium and other elements to de-oxidise the 
weld. T'kese may form silica, or alumina inclusions. Any of these non-metallic 
compounds may be trapped inside a weld. This may happen when slag traps, such as 
undercut have been formed. Slag traps are mostly caused by incorrect welding tecknique. 
Tungsten inclusions are metallic inclusions, which may be introduced dwing TIC; 
welding by a poor welding technique, an incorrect tungsten vertex angle, or too high 
amperage for the diameter of tungsten being used. Copper illcllrsions may be caused 
during MIG/MAG welding by a lack of welding skill, or incorrect settings in 
mechanised, or automated RllG welding. (Mainly welding aluminium alloys) 

Welding phenomena such as %rc Blow" or the movement of the electric arc by 
magnetic forces can cause solid inclusions to be trapped in welds, The locations of these 
inclusions may be within the centre of a deposited weld, or between welds where the 
result causes 'lack of inter-run fusion", or at the sidewall of the weld preparation 
causing "Lack of side wall fusion" GeneraHy sdid internal inclusions may be caused by: 

1) Lack of welder skill. (Incorrect welding tmbmiqne) 
2) lancorrect parameter settings, i.e. voItage, amperage, speed of travel 
3) Magnetic arc blow 
4) Incorrect positional use of the prows, or consamable 
5)  Incorrect inter-run cleaning 

Surface breaking solid hdusion 
/ 

Inkrrmal solid inclusion Lk of 

. . < - 2 ,  
- <  . - ..> _._l" 

causing a Xack of inter-rua Solid inclusinn pnlrF;nrr a . . 

fusion 
\ 

..=--*= ....=-"an- % - 
ewall fusion 

..- -. ,. I ,, , *.p?,:j.5 .- ,-- 
re>,< L*, .&.L, -' .- , - ' 

\ y;<<:.'b? . . - : .:%,:?>: - - 
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Internal solid inclusion \ 
Solid inciusions from base metal undercut in 
the rwf run, ~r hot pass (Slag trspa) 

, . -. 
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Laek of fusion 

Lack of fusion imperfections, are defined as a lack of union between two adjacent mas  
of material. This may be a~cornpanied or caused by other i~nperfections as explained in 
the last section. Lack of fusion can be considered a serious imperfection, as Iike cracks, 
they produce areas of high stress concentration. Lack of fusion, or overlap (a form of 
lack of fusion) may occur in the weld face area during positional welding caused by the 
action of gravity and incorrect use of the process. Lack of fusion may be found in welds 
where processes using hi& currents have been used as the arc may be deviated away 
from the fusion faces causing a lack of fusion in that area of the weld. This effect is 
known as Arc blow mil is caused by electro-magnetic force within the arc and materid. 

Lack of fusion may also be formed in the root area of the weld where it may be found on 
one or both plate edges. It may also be accompanied by incomplete root penetration. 
Lack of sidewall fusion i s  commonly associated with "Dip transfer MIG welding'' of '/ ' 
metals of over 3mm thickness, particularly in the vertical down position. This is mainly 
caused by the inherent coldness of this form of metal transfer, and the action of gravity, 
but may also be attributed to incorrect settings and a possible lack of welder skill. 

Like solid inclusions, lack of fusion imperfections may be caused by: 

Lack of welder skiEill. (Incorrect wellding technique) 
Incorrect parameter settings i.e. vol&age, amperage, speed of travel etc 
Magnetic arc blow 
Incorrect positional use o f  &be process, or consumable 
Pnsuficien t inter-run eleaming 

Lack of sidewall fusion 

Lack of inter-run 
Lack of sidewall fusion 

Lack of root fusion 
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Surface and profile 

Surface and profile imperfections are generally caused by poor welding techniques. This 
includes the use of incorrect welding parameters, electrodelblowpipe sizes and/or 
manipulation and joint set up. This category may be split into two further groups of weld 
face and weld root. These imperfections are shown pictorially in A I3 & C below: 

Spatter is not a major factor in lowering the weldrnents strength, though it may mask 
other imperfections, and should therefore be cleaned off before inspection. Spatter may 
also hinder NDT and be detrimental to coatings. It can also cause micro cracking or hard 
spots in some materials due to the Iocalised heating/quenching effect. 

An incompletely filled groove will bring the weld below the DTT (Design Thruul 
Thickness) and may also cause a high stress concentration to occur. (Ref. Page 3.4) 

Lack of root fusion may cause serious stress concentrations to occur in the root area of 
the weld. It may be caused by poor a welding technique, Hi - Lo, or irregular weld 
preparation i.e. Changes in root face thickness. 

An Incompletely Wlcd groove 

Lack of  root fusion 

.... 
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A bulbous contour is an imperfection as it causes sharp stress concentrations at the toes 
of individual passes and may also contribute to overall POOP toe blend. 

Arc strikes, Stray-arcing, dr Stray flash may cause many problems including cracks to 
occur, They can also cause depressions in the plate bringing it below the DTT. 
Arc strikes are normally ground; then crack detected and repaired as required. 

Incomplete root penetration may be caused by too small a root gap, k d k i e n t  
amperage, or poor welding technique. It may be also appear in welding at the end of a 
poorly dressed or feathered tack weld. It produces sharp stress concentrations, and welds 
often having a lower ATT (Acfua! Throat Thickness) than that specified for the joint. 

Bulbous contour \, 
Arc Strikes 

- - , > ?< . ,  < - . - "< ,.>.~.., 
. -,. , -T- .+ .<<-;kj -a ' ,  

- , . L---,,>L. < .  - . . , "  - : .\.. --.; <;;:,, ;::<'>:::-: 
'1 - :- < +;":-f;.?>?-$;.:- ;: ,:.: 

'7:  "6 = .ii- , I- 4 

Incomplete root 
penetration bead 
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Effect of a Poor Toe Blend 

Avery poorweld toeblend angle I 

The cxcess weld metal height is within limits but the toe blend angle is ranacceptabBe 
1 

Generally many specifications tend to quote that "The weld dues shall blend smoothly" This 
statement can cause many problems as it is not a quantitative statement, and therefore very much 
open to individual interpretation. To help in your assessment of the acceptance of the toe blend it 
should be remembered that the higher the angle at the toe then the higher is the concentration of 
stresses. 
A poor toe blend will be present when the excess weld metal height i s  excessive or the weld 
profile is excessively bulbous, however it may be possible that the height is within the given 
limits, yet the toe blend is not smooth, and is therefore a defect, and unacceptable. It should dso 
be remembered, that a poor toe blend in the root of the weld has the same effect. It can be clearly 
seen that any rapid change in the section will induce stress concentration and therefore the use of 
the term reinforcement to describe any amount of excess weld metal is very misleading and 
inaccurate, though this term is very often used in many application standards. 
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An irregular bead width is a surface imperfection, which is often referenced in 
application standards as. " The weCQ Bead should h~ regular dong ibs Ee~gih" // 

Undercut 

Undercut can be defined as a depression at the toe of a weld in a previous deposited weld 
or base metal caused by welding. Undercut is principally caused by an income1 welding 
technique, including to high a welding current, to slow a travel speed in conjunction with 
the welding position i.e. 2F and PB. It is often found in the top toe of fillet welds when 
attempting to produce a leg length >9mm in one m. Undercut can be considered a 
serious imperfection, particularly if sharp as again it causes high stress concentrations. It 
is gauged in its severity by length, depth and sharpness. 

Base metal, "top toe" undercnt 

----Welding Inspection of Steels WIS 5 3.8 
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Weld metal, surface underent 

I 

Root Run or "Hot Pass" undercut 

Shrinkage grooves 

Shrinkage goovcs may occur in thc root area and are c~used by ~on~act ional  forces in 
the weld metal pulling on the hot plaskic base rnctsel in the root area. This condition is 
often colloquially termed as root undercut. Shrinkage grooves 
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Root concavity. (Suck back] 

This may be caused when using too high a gas backing pressure in purging. It may also 
be produced when welding with too large a root gap and depositing too thin a root bead, 
or too large a hot pass which may pull back the root bead througk contractional stresses. 

Excess root penetration 
May be caused by ushg too high a welding current, and/or, slow travel speed, a Iarge root 
gap, andcr a smzll ruot race. Bt is  often accompanied by burn though, or a local collapse 
of the weld puddle causing a hole in the weld root bead. Penetraa$ion is aniy excessbe 
when i t  exceeds the allowable limit, as laid dowx in the applied application standard. 

Root oxidation 
Root oxidation may take place when welding re-active metals such as stainless steels with 
contaminated, or inadequate purging gas flow. 

Incompletely fused Tuck WellZr 
It is often a procedd  requirement for tack welds to be feathered (Lighdy ground and 
blended) prior to welding. This requirement is mainly dependent upon the class of work. 
Feathering should enable the tack welds to be more easily blended and any failure to 
achieve this correctly may result in a degree of lack of root fusionlpenetmtion occurring 
in the weld root run. 

U~geuthered - 
root tack weld 

Adjacent weld area showing 
a lack of root fusion and/or 
root penetration 
(See also page 3.6) 
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Root oxidation in 
Stainless Steel 

Excess root penetration bead 
(Beyond an acceptance limit) 

A Burn Through may be caused by a severely excessive root penetration bead 
followed by Iocal collapse of the weld root in the effected area. 

Id m y  be generally caused by a eombi~zntion of the foliowing factors: 

a) > welding current 
b) > root gap 
c) < root face 
d) -= speed of travel 

Its occurrence is also very dependent upon the welding position and the effect of grtxv*. 

'\Welding Inspection of Steels WIS 5 3.1 1 
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To summarise, surface/pxofile welding imperfections are as follows: 

Incompletely filled groovellack of fusion 

Spatter 

Arc strikes. (Stray arcs) 

Incomplete root penetration 

Lack of root fusion 

Bulbous, or irregular contour 

7) Poor toe blend 

8) Irregular bead width 

9) Undercut, (Weld and Base metal) 

10) Root concavity. Root shrinkage grooves 

11) Excess penetration. Burn through 
(Compmtively measured ac radiomphic density in some line pipe standards) 

12) Root oxidation 

Surface and profile imperfections are mainly caused by a lack of applied weIding skill. 

MechanicwllSurface damage 

MechaanicaUSurface damage 
This can be defined as any material swfacc damage caused during h e  manufacturing or 
hand Iing process, or in-service conditions. This can i d u d e  damage caused by: 

8 )  Grinding 2) Chipping 
3) Hammering 4) Removal of welded attachments by hammering 
5 )  Chiselling 6 )  Using needle guns to compress weld capping runs 
7) Corrosion (Not caused through welding, but js considered during inspection) 

As with the stray arcing, the above imperfections can be detrimental as h e y  reduce the 
through thickness dimension of the plate in that area. They can cause local stress 
concentrations and should be repaired prior to completing the job. 
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M isaIign men t 

There are 2 main forms of misalignment in plate materials, which are remed: 

Linear misalignment Angular misalignmentldistortion 

Linear misalignment: can be contro1Ied by the correct use/control of the weld set up 
technique i.e. tacking, bridging, clamping etc. Excess weld metal height and the root 
penetration bead are always measured from the lowest plate to the highest point of 
the weld metal, as shown below. 

/.-T-' 
Excess weld metal Height 

Linear misalignment measured in rnm 

Angular misalignment: may be controlled by the correct application of distortion 
control techniques, i .e. balanced welding, offsetting, or use ofjigs, fixtures, clamps, etc. 

Angular misa%ignmen~dist01%i~m measured in dqrees " 

Hi-Lo is a term that is generally used lo describe the une3emess across the root faces 
between pipes found during set up and prior to welding. This unevenness is often caused 
by an un-matching andlor irregular wall thickness, or between pipes having any degree 
of ovdity . 

- 
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Summary of Welding Imperfections: 

I 

Lamellar Tears Base metal 
Porosity 1 Damp electrodes . . 

CauseslLocation Group 

I Gas nore 5 I .5mm D I Un-cleaned platedpipes I 

t 

I Type 
Weld Metal 

Weld Metal & HAZ 

f 

1) Cracks Centreline 
fT7 

2)  PorosityKavities 

I Lack of side wall fusion [ 

3)  Solid Inclusions 

Arc Blow 

Blow hole > 1 -5mm 0 
Shrinkage cavitv 

4) Lack of Fusion 

Loss of gas shield 
Weld metal (high d:w) 

Slag MMA/SAW 
Silica TIG/MAG (Fe steels) 

Tungsten TIG 
Comer CMIGMAG) 

Poor Inter-run cleaning 
Undercut in hot pass. Arc blow 
Dipping tungsten in weld pool 

Di~ving tiw in weld vool 

Arc Strikes Poor welding technique 
Incomplete penetration < Root gap/Amps. > Root face 

Incompletely filled groove [ Tncorr-f-ect welding technique 
Spatter ~ m p  comsumables 

--- Bulbous contour Incorrect w-elding technique 
5) Surfnee & Profile I Undercut: Too high an amperage 

Lack of root fusion 
Cold lap/overlap 
Poor toe blend 

becorrect welding technique 
Non feathering of tack welds 
Positional welding technique 
Incorrect w-elding techniuue 

I - Root concavitv 1 Too h i ~ h  gas aressure 1 

Surface and internal 
Shrinkape moove (Root) 

I Excess Penetration 1 Too large root gap/mps 1 

- 1 
Contractional stress 

6 )  Mechanical damage 

Hi-Lo (mm) / Irregular pipe wall or ovality 

7) Misalignment 

Notes: 

Bum through 
Crater Pipes (Mainly TIG) 

The causes given in the above table should . . . as the only possible 
causes of the imperfection given, but as an example of st probable cause. 

Too small a root face 
Incorrect current slope-out 

Angular Misalignment ("1 

Good working practices and correct welder training will minimise the occurrence of 
unaccepta blc welding imperfections. (Welding defects) 

HarnmedGrinding marks etc. I Poor workmanship 
Poor fit-up. Distortion 

Welding Inspection of Steels WTS 5 3.14 
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WIS 5 Section 3 Exercise: 

Observe the following photographs and identify any Welding Impe~fections: 
(As indicated within the ovals) 

1) Plate. Butt Weld Pace 2) Plate. Butt Weld Root 

A 

51 Phe. Butt Weld Root 

4) Plate. Butt Weld Face 

6) Pipe. Butt Werd Root 

- ?Veldiqg Inspection of Steels WIS 5 3.1 5 
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7) Plate. Butt Weld Faee 
I 

9) Plate. Fillet Weld Face , 

11) Plate. Butt Wed Face 

8) Plate. Fillet Wdd Faee 

121 Plate. Butt Weld Root 

Welding Inspection of Steels WIS 5 3.16 
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13) Plate. Butt Weld Root I 

t 5) PIate. Butt Weld Face 

14) Plate. Butt Weld Face 
I 

16) Plate. Butt Weld Face 
t : 

17) Pipe. Batt Wdd Root I f 8) Plate. Butt Weld Root 

-- Welding Inspection of Steels WIS 5 3.17 
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Record all welding imperfections that c m  be observed in photographs 19-24: 

- -  - Welding Inspection of Steels WJiS 5 3.18 
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Destructive/Mechanical Testing: 

Destructive andlor nlechanical tests are generally carried out to ensure that the required 
levels of certain mechanical properties have been achieved. When metals have been 
welded, the mechanical properties o f  the plates may have changed in the HAz due to the 
thermal eEects of the welding process. It is also necessary to establish that the weld 
metal itself reaches the minimum specified values. 

The mechanical properties or material characteristics most commonly evaluated include: 

5 Hardness 

'Y Toughness 

Strength 

'f Ductilie 

The ability of a material to resist indentation 

The ability of a m a t a i d  to resist fracture under impact loads 4, def;ne 
The abiIity of a material to resist a force. (Normally tension) 

The ability of a material to plastically deform under tension 

To carry out hese evaluations we require spccific tests. There arc a number of 
mechanicai tests available t~ test for these specific mechanical properties the mcst 
common o f  which are: 

Hardness testing. (ViekerslBrinelVRockweH) 

Toughness testing. (Cbarpy VflzodICTOD) 

Tensile testing. (TransverselAH weld metal) 

Tests I - 3 have units and are termed quantitative tests 

We use other tests to evaluate the quality of welds 

Used to measure 
Quantity 

0 

Macro testing 3 
Bend testing, (Side/Face/Root) i- Used to assess 
Fillet weld fracture testing Quality 'i Y Y 

Butt weld Nick-break testllrg _I 

Tests 4 - 7 have no units and are termed qualitative tests 

--- Welding Inspection of steels W1S 5 4.1 WORLD C E ~ I  FE ma 
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1) Hardness tests. (Used to measure the level of hardness across the weld) 
. -- > - .  -- - . ,  - - .  -- - -- . - - 

Types of hardness test include: 
X X X  

\ a Rockwell scale 

/ b) Viekers pyramid. HV 

Y C) Brinell. BHN 

[ d) Shore Schlerescope 

(Diamond or steel ball) 

(Diamond) 

(5  or 10 mm diameter steel ball) 

(Measures resilience) 

Most hardness tests are cmicd out by (1) impressing a ball, or a diamond into t!ae 
surface of a material under a fixed load, (2) then measuring the resdtant indentation and 
comparing it to a scale of units (BHNMV etc.) relevant to that type of test. Hardness 
surveys are generally carried out across the weld as shown below, In some applications it 
may dso be required to takes hardness readings at the weld jmctiodfusion zone. 

A Shore Schlerescope measures resilience by dropping a weight from a height onto the 
surface then measuring the height of the rebound. The higher the rebound the higher is 
the resilience of the material. As resilience in materids may be directly correlated to 
hardness then the hardness may be r e d  in any or all sets of  units. Early equipment was 
cumbersome, but still far more portable compared to other hardness testing methods 
available. Equipment is now available which works on the resilience principle and is the 
size o f  a ballpcint pcn. This form of equipment may be used by the welding inspector to 
indicate hardness values on site, and i s  scaled in all of the cormon hardness scaies. 
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Toughness tests. (Used to measure resistance to fracture under impact loading) . .  -... . . - 

'n>X 
Types of toughness test includc: 

( a) Charpy V. (Joules) Specimen held horizontally in lest machine, notch to the rear. 

Izod. (Ft-lbsj Specimen held vertically in test machine, notch to the front. 

CTOD or Crack Tip Opening Displacement testing. (mm) 

There are many factors that affect the toughness of the weldment and weld metal. One 
of the important effects is that of testing temperature. In the Charpy V and hod test the 
toughness is assessed by the amount of impact energy absorbed by a small specimen of 
10 mm2 during fracture by a swinging hammer. A temperature transition curve can be 
produced fiom the results. __-- -___ 

,.-#-- 450 %%-, The Charpy V test -. .. 

The notch may be machined either in Ule Weld metal, Fusion zone or HAZ depe~ding 
on which mdzone  i s  to be evaluated during the test. ' l l e  standard notch is 2mm deep, 
8.25 mm root radius, and included angle 45 " tl~oragh (?her shspes of notches exist i.c. 
"U4' with all rclevant dimensions given in the standard. A smaller version of this test_ is 
also available. 

Graduated scale of Joul Pendulum locked in 
absorbed energy 

- 
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A DuctilelBrittle transition curve For P typical ClMo S h e t u r d  Steel 

Ductile fracture 
Temperature range "C 

e transition point 

Brittle fracture .-=. 28 Joules 

Energy absorbed 
t I 
I I I  (Joules) 

-20 -10 0 20 
Degrees Centigrade 

The transition temperature of welded steels can bc afTected by many factors including: 

i(, 1 a) Alloying (Chemical composition) 

The cur-ve can eflectivei'y be moved to the left by additions of manganese of up to 1.6 % 
maxirnplrrn rn this has a posliive etTect on improving the tuughness of plzin ferritic steels 
at cqogenic temperdbres. ~Vickel also has a very positive effect fin loul temperature 
toughness of steels: however nickel is a very expe~sive rnetalIic eIemen8 and is only 
used where low temperatures me severe. Steels containing 5-9% nickel have excellent 
low temperature toughness with fully austenitic stainless steels having measurable 
toughness down to - 270 O C .  

j! b) Heat input 

The above curve can enectiveely be rnoved to Ihe right by using a high Iteat input during 
the welding cycle, where Time at Temperadures spent above thc Critical Tepnpercabrcres 
of the steel allows grains to grow and fuse together to form larger grains. (Gruin 
Growth) Energy required in fracturing a large or a coarser grained steel is comparatively 
lower than finer grained steel, hence the need to control heat input andlor limit 
maximum inter-puss t~!mperatures. A fine grain structure will effectively move the 
curve to the left i .e. lncrtrase the relative toughness values of a steel. 

c) Chemical cleaning 

The cleanliness of the weld metal will also greatly affect its lcvel of toughness. Welding 
fluxes containing high amounts of basic compoundr give much higher tu~gknt.ss & 
strength weld metal values than welds made using lower an~ounts of these compounds. 
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Tensile Tests. (Used to measure tensile streng* and duchlity) 
, .- 

Types of tensile test: 

Transverse reduced section 
Used to measure the tensile strength of the weldrnent. 
Longitudinal all weld metal tensile test 

Used to m e a m  tensile strength, yield point and E% of deposited weld metal. 

A transverse tensile test specimen prior to testing 
Test gripping area weld, 

Plate material / 
Reduced Section 

In a transverses test failure is generaIly expected in the base material, though failure in 
the weld or HAZ is not reason to fail the test if minimum specified stress has been met. 
An All weld metal tensile test is cmied out to determine the deposited weld metal 
strength in ~ 1 m - n ~  and wdd ihe metal ductility as elongation @YO)). A weld is made in a 
plate and the tensile specimen is cut dong the length of the weld, which would contain 
mainly undiluted weld metal. Pi-ior to the test 2 marks are made 50 rnm apart dong the 
Hengih of the specimen. 18s the test is carried out the yield lux! and fi~ctrare Iczd arc 
recorded and ihcurnen~ed. Aftel- h c t w ~ ,  the pieces atre plzced back together the 
elo11ga:iun is nneasured iiem the ~riginaf gauge jength with the resuit is given as E% 

A lIongitudinwt a%B weld metal tensite test specimen after testing 

I Elongation marks ! 

Tf load at yield was 8,500 N and the CSA Cross Sectional Area was 25 rnm2 the resultant 
calculation of ForceICSA the yield stress (Re) would be 8 , 5 ~ 0 ~ / 2 5 m m ~  = 3 4 0 ~ l m m ~  
The calculation of the tensile stress or the metal tlm be similarly calculated on fracture. 
E% If the original gauge length was 5 0mm and the final length on fracturc is 6 1mm this 
indicates a linear extension of 1 lmm on the original gauge length :. If 100~/5Ornm = 2 
:. 2 x Plmm = 22%E. This is typical value for and CMn steel weld metal. Any 
aidition of cxbon io steels wiii reduce its ductiiity. Occasionaiiy, where insufficient 
material i s  available a short transverse test indicating a % reduction in area may bc used 
and is calculated as STRA (Sbrt Transverse Reduction in Area) i.e. a) mm2 - b) mm 2 _ - - --- ." - -- - 
This method is &en used when assessing aiieei; &usc&ptibility to Lamellar Tearing. I( k X - . - 

-- -. 
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4) Macro examination. tests. (Used to assess ,. A .- the internal quality . - .  ofthe weld) 
x Y '", 

A macro specimen is normally cut from a stopistart position in the root, or hot pass of a 
welder approval test. The sWstop position is marked out during a welder approval test 
by the welding inspector. Once cut, the specimen is polished using progressively finer 
grit papers and polishing at 90° to previous polishing direction, until all the scratches 
caused by the previous polishing direction have been removed. It is then etched in an 
acid solution wEch is normally 5 -10% Nitric acid in alcohol (plain carbon steels). Care 
must be taken not to under-etch or over-etch as this could mask the elements that can be 
observed on a correctly etched specimen. After etching for the correct time the specimen 
is then washed in acetone and water, thoroughly dned, a d  may also be preserved. 

A visual examination should be carried out at all stages of production to observe any 
imperfections that are visible. Finally, st repod is then produced on the visual findings 
then compared and assessed to the levels of acceptance in the application standard. 
Macro samples may be sprayed with clear lacquer after inspection, for storage purposes. 

Macro of a Butt Welded Butt Joint 

Macro Assessment Table 

1 Excess weld metal height 

3) Slag with lack of inter-run fusion 

5 )  Root penetration bead height 

Slag with lack of sidewalI fusion 

Angular misali gnrnent 

Segregation bands 

7 )  Lack of sidewall fusiodUndercut'~ 

(" A Macrograph is a qualitative method of mechanical testinglexaminatiun as it is 
only weld quality that is being observed in this test. 

-. . 
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Bend tests. (Used to assess weld ductility & h i o n  in the area under stress) 

The former is moved through a guide (guided bend test), or rollers, and the specimen is 
bent to the desired angle. Types of guided bend test include: 

Face bends b) Root bends c) Side bends d) Longitudinal beads 

Before testing A guided side bend After 
1 

I I' \ \ \ 

~ormdr. ~~ec i rne ;  ~uid;  Specimen is bcnt through pre-determined & 

Lack c.rf sidewall fuidsior, 
'-. 

Any areas containing a lack uf fusion become visible as the stress is applied. This may 
aIso result in tearing of the specimen, caused by local stress concentration, as shown 
above. Bend tests are carried out for welder approval tests, and procedure approval to 
establish good sidewall, root: or weld facelroot fusion. Inspection of the test [ace is made 
after the bending to check the integrity oaf the area under test. Face, root, side and 
longitudinal tests may be carried out in thickness below 12mm For materials greater than 
12mm thickness, a slice of 10-12mm is normally cut out along the length and the 
material is sidz bend tested. 

; Bend testing is a quaiitatjve method of mechanical testingkxarnination as it is oniy 
the weld quality that is being observed. (Although ductility is very ofien observed, it 
cannot be measured in this test.) 

t gle 

- -- 
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"X, x 
Fillet weld fracture tests. (Used to assess root fusion in fillet welds) 

A fillet weld fracture test is normally only carried out during a welder approval test. 
The specimen is normally cut by hacksaw through the weld face to a depth (usually 1-2 
mm) stated in the standard. It is then held in a vice and hctured with a hammer blow 
from the rear. After fracture has been made both surfaces are then carefully inspected for 
imperfections. 

Finally the vertical plate X is moved through 90° and the line of root fusion is observed 
for continuity. Any straight line would indicate a Lack of root fusion. lo most standads 
this is suEcient to fail the welder. 

Hammer blow 
saw cut 1 2 3  
Producing a stress concentration I 
to aid and ease fracture 

Line of fusion 

"Lack of root fusion" 

After inspeclion of both fractured surfaces for imperfections, turn fracture piece X 
through 80" vertically and inspect the line of root fusion. (Line 2 )  

yY A Fillet weld fracture test is a qualitative method of mechanical testindexamination 
as it is only the weld quality that is being observed in this test. 

- 
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x$% ,A, 
Nick-break tests. (Used to assess root fusion in double butt weIds) 

Uscd to assess root penetration and fusion in double-sided butt welds, and the internal 
faces of single sided butt welds. A Nick-break test is normally carried out during a 
welder approval test. The specimen is normally G U ~  by hacksaw through the weld faces to 
a depth stated in the standard. It may then be held in a vice and fractured with a hammer 
blow from above, or placed in tension and stressed too fracture. Once fracture has 
occurred bolh fracture faces are then turned horizontaily through 90" and may then be 
inspected for imperfections along thc fracture faces, as shown below in C. 

Hammer blow or tensile stress 
Saw cut 
Producing stress concentrations to aid and ease fracture 

Fracture Iine 

Inspect both fractured faces 

Lack 01 root penetration, or fusion 
- .  . 

Any irmciusians on the Cracture h e  
. , \ I  

it A butt mick-bwak test is a qualitative method of mechanical testing/examintttion as 
only the weld quality is being observed. 
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Quantitative and Qualitative Destructive Testing / y 

Quantitative 

We test weldments rnechmicdly to establish the level of various mechanical properties 
The following types of tests are typical: 

1 Hardness 
Vickers (VPM) Rockwell (Scak C for steels) 

2) Toughness 
Charpy V (Joules) Izod (USA) (FLl bs) CTOD (mm) 

3)  Tensile Strength 
Transverse reduced & radius reduced. 
~ / tnm'  (PSI h the USA) 

Longitudinal all weld metal 

AH the above tests 1 - 3 have units and are thus termed quantitative tests, 

Ductility 
EIongation E% or as % Reduction in Area 
For weld metal this propem- is generally mcasmd as E% during tcnsile testing. 

x,? k> Qnmtitwttve tests are mainly used in wellding procedure approvals tests md generally 
' r would & be used in a welder approval test. 

We also lest weldmenis mechanically to csiablish thc level of quality in the weld. 
h such a case we may use the following types of test: 

4) Macro testing 

5 )  Bend testing. (Face. Root, Side. & Longitudinal) 

6 )  . Fillet weld fracture testing 

7) Butt nick-break testing 

All the abovc tests 4 - 7 have no units and are thus termed qualitative tests. 

<,', jj y Qualitative tests are mainly used in welder approvals tesks lhougb some of the 
qualitative tests may also be used during welding procedural approval tests i.e. to 
establish good fusionlpenetration etc. 

;- . 
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Summary of DestructiveNechanica1 Testing: L-K.?.'%, 

. . 
Welding Inspection of Steels WIS 5 4.1 1 WOR"UC""FOR 
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Used mainly for Units 
If applicable 

Qualitative 
or 

Quantitative 

Name Property or 
Characteristic 
If  applicable 

Quantitative Scale C is used 
for Steels 

Rockwe11 scale Welding Procedure 
tests 

Hardness 

Vickers pyramid 

Brinell 

Hardness 

Hardness 

Welding Procedure 
tests 
Welding Procedure 
tests 

Quantitative 

Quantitative 

Assessing hardness 
of stock materials 

HV 

BHN 

Measures 
Resilience mm 

Shore Schlerescope 
I. 

Hardness through \ Quantitative 
Resilience 

:harpy V Joules. 
Energy absorbed 

hod 

Toughness Welding Procedure 
tests 

Quantibtive 

Toughness 

CTOD 

AWS Consumables 
Materials 

Quantitative 

Notch Due&-ty 
Toughness 

Welding Procedure 
tests 
Welding Procedure 
tests 
Welding 
Consumable tests 
Welding Procedure 
tests 1 

Welder ~ ~ ~ r w q  
or Procedure tests 

Ftlbs. 
Energy absorbed 

Quantitative 

Quantitative 

Bends 
-.Face Root or Side 

'illet Weld Fracture 
T & Elrp Juitzks 

0.0000 mm + 
Detailed report 
N/rnm2 or PSI 
+ % STRA 

Transverse Reduced 
Tensile 

Tensile Strength 
Ductility. STRA 

Quantitative , ~/rnm' or PSI 
[ Elongation % 

Visual. Ducti'Ilify 
may be observed 
Visual 

Quantitative 

Qrnalitathre 

Ail Weld Metal Tensile Strength 
Tensile - Duetili 
Radius ~ecluired-^- Tensile Strength 
Transverse Tensile $- of weld metal 

Qualitative 

Qualitative 

N/A 
Nudirectunits 

N/A 
No direct iizits 

Nick Break Test 
Butt Jni~nts 

~lrnrar' or PSI 

NlA 
No direct uni6 

Macrograph 

Welder Approval 
orYroceduretests 
Welder Approval 
or Procedure tests 

Vistrd 

Visual 

Welder Approval 
or Procedure tests 

Qurr1itatir.e N/ A 
No direct un& 
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WIS 5 Section 4 Exercises: 

Study the following macrographs and report any observations in the tables given below. 
Use the levels of acceptance given in the Practical inspection Section to make your 
assessment: Take acttcral sizes as areasureneerats far this training &wrc&e on&. 

Welding Process: 
Material: 
Welding Position: 

Weld Details: 

TIG (141) Root MMA (1 11) Fill and Cap 
Stainless Steel Pipe (Argon purged) 
5GIPF 

Comments: 

1 # 
1 1  

2 
3 

- -- - 
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Imperfection -- Size AcceptdReject 

-. 

4 [ 

5 
6 
7 
8 

' 9  
10 
11 
!2 

~ x c e s s  Weld Metal (Weld Face) 
Excess weid Metal @I'edtI Roo0 
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Welding Process: 
Material: 
Welding Position: 

Weld Details: 

MMA (1 11) SMAW 
C M n  Structural Steel Plate 
3GIPF 

Tmperfection .- Size 
I 

I 11 / Excess WeldMetal (WeldFace) / 
/ 12 1 Excess Weld Metal (WeldRoot) 

Comments: 

> -.. - A  .. - 

Werding hsgection of Steels WIS 5 4.13 w o ~ ~ m m m  
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Complete the table given below: 

'Welding Inspection of Steels WXS 5 4.14 
Section 04 Mechanical and Destructive Testing 
Rev 09-09-04 Copyright O 2005 T WI Lld 

Tj&q "OR"""" 
hWR.RIALS IOhWG 
TECKWLJXY 

Used mainly for 

Welding Procedure 
tests 

Units 
If applicable 

Scale C sls used 
Jbr Steels 

Qualitative 
or 

Quantitative 
Quantitative 

Name 

Rockwell scale 

Vickers pyramid 

Brinefl 

Property or 
Characteristic 
If applicable 

Hurdpmess 

I 

Shore Sehlerescope 

Charpy V 

lzod 

CTOD 

- .-I 
Transverse Reduced 
Teasile 

AH Weld _Metal 
Tensile 

-i-----~ 

Radius Reduced 
Transverse Tensile 

Macrograp h 

Bends 
Face Root or Side 

.,- 

Fillet Weld Fmeture 
T & Lap Joints 

Nick Break Test 
Butt Joints 

..- 
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Welding Procedures: 

What is a welding procedure;. 

A welding procedure is a systematic method that is used to repeatedly produce 
sound welds. 

The use of welding as a process or method of joining materials in engineering has been 
long established, with new techniques and processes being developed from ongoing 
research and development on a regular basis. There are over 100 recognised welding or 
thermal joining processes of which many are either fully automated or mechanised, 
requiring little assistance from the welderloperator and some that require a very high 
level of manual input in both skill and dexterity. For each welding process there are a 
number of important variable parameters that may be adjusted to suit different 
applications, but must also be kept within specified limits to be able to produce welds of 
the desired level of quality for a given application. We generally term these variable 
parameters as essential variables. The most basic essential variables of any welding 
processes would be very much dependant on the specific nature of the process, we 
would need to consider the following: 

1 )  The source of heat and/or method of heat application. (Where applicable) 
2) Consumable type and method of delivery. (Where applicable) 
3) Shielding of heat source and/or oxidation of materials. (Where applicable) 
4) The thermal energy tolerances into the joint area. (Where applicable) 
5 )  Any particular process element not covered by the above. 

It is a common thought that the heat sourcc used for most industrial welding applications 
is the electric arc, when in fact most welds made within industry utilise the resistance 
welding process. The variable parameters for the resistance welding process are very 
different to what would normally be expected from an arc welding procedure. For 
example welding procedures for the common arc and resistance spot welding of plain 
low carbon steels would require a setting of the following very basic essential variables: 

/ process 1 Basic Process Essential Variables 

It should he noted that these are the very basic process elements for any weld procedure. 

Welding Inspection of Steels WIS 5 5.1 W I  WORLD CENTRE FOR 
Seciion 05 Welder and Procedure Approvals MATERIALS JOINING 
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What is the purpose of a welding procedure? 

Welding procedures can be utilised for many purposes, which may include: 

a) Economic control 
b) Quality control 

Economic control 

This may be exercised over welding operations by stipulating a number of elements that 
must be adhered too during manufacture i.e. Control of the welding preparation type is a 
major element in the costing of welding, with single sided welds having double the 
volume of some double sided welds. The result of no control in this area could be 
critical, and thus weld procedures are often used to achieve some control. 
The effect of double or single sided preparations on weld volume can be seen below as 
in diagram a there are 2 triangles of equal area whilst in diagram b there are 4 triangles 
of the same area. This increase surface area or volume would have a major effect on 
welding production costs. 

Quality Control: 

In the control of quality it is generally perceived in engineering that the main function of 
a welding procedure is as a means of achieving and consistently maintaining a minimum 
level of required mechanical properties. The specific properties and their critical levels 
are generally laid down in the applied application standard. To achieve this, a test weld 
is made using a recorded set of variable parameters for the processJjoint being used. 
After any Visual/hTDT requirements have been met the specimens would be cut ready 
for mechanical testing. Most application standards specify typellocation of specimens to 
be cut from the welded test piece, as with a common line pipe example below: 

Top of pipe 
Root or side bend test Face or side bend test 

Nick-break test Tensile test 

Tensile test Root or side bend test 
Face or side bend test 

For 0 > 

Root or side bend test Face or side bend test 

Nick-break test Nick-bre& test 
Tensile test Tensile test 

Face or side bend I Root or side bend test 

WeLdiig Inspection of Steels WIS 5 5.2 
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Documentation 

Should the level of work, and thus the application standard state that a written welding 
procedure must be produced, tested and retained then this should be carried out using 
the following documentation, with which the welding inspector should be familiar: 

I 

IN P W S  Provisional or Preliminary Welding Procedure Specification. 

A provisional welding procedure specification or pWPS is a detailed quality related 
document that contains all the preliminary welding data prior to approval. All data 
recorded on this document remains as preliminary, or provisional prior to successful 
completion of any required testing or examination. 

p.! WPAR Welding Procedure Approval Record - '. , . 
i (Also known as a PQR Procedure Qualification Record) 

'---,-- 

A WPAR or WPQR is a quality document that holds precise data for all essential and 
non-essential welding variables that were used and recorded for the test weld. It must 
also include all subsequent data for any PWHT and results of any mechanical tests 
carried out on the weldment. It is normally required that this document be stamped and 
signed by the mechanical test house, third party and manufacturers representative and is 
recorded and held in the quality file system. 

WPS Welding Procedure Specification 

A WPS is a working document that is prepared from the WPAR and then is issued to 
the welder. It contains all the essential data required by production to complete the weld 
successfully, achieving the minimum level of any properties required. 

It is also important to note there are numerous applications where acceptable levels of 
manufacturing are achieved, where written andior approved welding procedures are a 
quality requirement, and where the selection of the appropriate welding parameters is 
made either by the welder, or welding supervisor, and is based upon their experience. 

Extents of approval 

An approved WPS may have an "Extent of approval" (Working tolerances) for some 
variables, of which the following are possible examples: 

1) Thickness of plate 

3) Welding position 

2) Diameter of pipe 

4) Material typelgroup 

5) Amperagelvoltage range 6 )  Number/seqaence of runs 

7) Consumables 8) Heat input range (kllmm) 

10) Inter-pass temperature 

Welding Inspection of Steels WIS 5 5.3 
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wz XYZ Fabrications Ltd 
I& Wtgh Se Weldtorn luslralla 

FOb,,C.Tt?0*3 

3s ASME K - Procedure QualiiiaCbn Record (PQR) 
Weldsps soWarr by TWI 
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wz XYZ Fabrications Ltd 
iirbilCI?IiOPS 

4 1 H I B h  SI W.8-n. A u l t l l a  

V ASME K - Procedure EluaEiflcation Record (PQR) - Test reswtts (PWHT) 
W ~ M S P Q F  sohace  br 'PWt 
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Welder Approval: 
A welder approval test is used to test of the level of skill attained by the welder. 

Once a welding procedure has been approved it is important to ensure that all welders 
employed in production can meet the level of quality set down in the application 
standard. Welder approvals are carried-out, where the welders are directed to an 
approved WPS by the welding inspector who also acts as the witness. Upon completion 
of the test plate, or pipe it is generally tested for intemaliextemal quality using visual 
examination, then NDT generally using Radiography or Ultra-sonic Testing then 
followed by some basic Qualitative mechanicalidestructive tests, in that order, with the 
amount of testing being dependent on the level of skill demanded from the welder by the 
application standard. 

It should also be noted that welder approval tests are possible when using unapproved 
welding procedures, as with BS 4872 "Welder Approval When Procedural Approval Is 
Not Required" Whilst the welding procedure remains unapproved it must in this instance 
be written. (Page 5% shows an example BS 4872 Welder Approval Certificate) The 
mechanical tests in a welder approval could include some of the following: 

a) Bend tests (Side Face or Root) b) Fillet weld fracture tests 
c) Nick break tests d) Macrograph assessment tests 

When supervising a welder test the welding inspector should: 

1) Check that extraction systems, goggles and all safety equipment are availabie 

2.) Check the welding process, condition of equipment and test area for suitability 

3) Check grinders, chipping hammers, m<re brush and all hand tools are available 

4) Check ~naterials to be welded are correct and stamped correctly for the test 

Check consumables specification, diameter, and any baking pre-treatments 

Check the welder's name and identification details are correct 

Ensure any specified preheat has been applied, and is measured correctly 

Check that the joint has been correctly prepared and tacked, or jigged 

Check that the joint and seam is in the correct position for the test 

Explain the nature of the test and check that the welder understands the WPS 

Check that the welder completes the root run, fill and cap as per the WPS 

Ensure welders identity and stop start location are clearly marked 

Supervise or cany out the required tests and submit results to Q/C department. 

Examples of typical Welder Performance/Approval Qualification/CertiJicates to ASME 
IX and BS 4872 are shown below onpages 57and 5.8 respectively: 

Welding Inspection of Steels WIS 5 5.6 W I  WORLD CENIRE FOR 
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wz XYZ Fabrications Ltd 
,*High St, W=ldlaxn. AUIYI I IS  

iabm~sN1IRI 

IF AsME Sealon IX - Wetder Performance aualificatmn (Wa) 
Yl~lder*"., iO(fl.rP bI Tm Ltd 
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Manufacturers name: 
Justin Time Fabricntions Ltd. 

Test record No 
32 1 

Organization's Symbol Logo: 

Visual Inspection: 

/ Remarks: ??r UJ&& uu8 p&~  bm ued &d u good ypea/r~o& erd 6 6  dhd I 

Welder approval test certificate 
(BS 4872: Part 1 1982) 

Welders name & Identity No 
Mr. U. N. D'Cutt. Sfamp I23 

Destructive tests: 

The statements in this certificate are correct. The test weld was prepared in 
accordance with the requirements of BS 4872: Part 1 1982. 

Issue No 
001 

Test piece details: 

Welding process: MMA 111 
Parent material: Femtic steel 
Thickness: 5mm 
Joint type: Single V butt. 
Pipe outside 0: 150mm 
Welding position: Overhead. Vertical up. 

Horizontal vertical. Flat 
Test piece position: Axis" inclined 45 
Fixedfrotated: Fixed 

Welding consumables: 

Filler metal: ESAB OK 55.00 
@fake & type) 

Composition: Fenitic steel. 
Specification: E 8018 
Shielding gas: NIA 
Specification number: AWS A5.1-81 

daaqptdL 
&t @ad& 
AwqbtdL 

Contour: 

Undercut: 

Sn~oothness of joins: 

Macro 

Manufacturers Representative: Inspecting authority, or test house: 
Mr. Justin Time ABC Inspection Ltd. 

Date of test 
9' September 2004 

Extent of approval: 

Welding Process: MMA 
Materials Range: Femtic steels. 
Thickness range: 2.5 - 10 mm. 
Joint types: Butt welds in 

plate & pipe. 
Pipe outside 0: 75 - 3 0 0 m  
Welding Position: All except 

Vertical down. 
Consumables: Rutile &Basic. 

Weld preparation (dimensioned sketch) 

i . 5 2 m m  

, , 

Ji&i Eke 
Position. 

Visual examination & Test results: 

A4y& 
hey& 
#sa"ptUJb 

Side Bend 

16 P&* 
TestedlWitnessed bv: 

Penetration (No backing) 

Penetration (with backing) 

Surface defects 

Root Bend / Fillet fractnre 1 Butt Nick break 

Production Quality Manager Mr. I C Plenty 
Date: 9'h September 2004 Date: 91h September 2004 

Nnt mquiod 
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WIS 5 Section 5 Exercise: 

1) List 7 other possible Extents oflpproval of an Approved Welding Procedure? 

1. Material type/group 

2. 

3. 

2) List 3 destructive tests that may be used after the stages of initial visual 
inspection & NDT have been carried out, during any ~velrfer cwprovrrl test? 

1. Visual Inspection 

2. NDT 

3) List 4 other documents used in weldingprocedure or welder approval testing? 

1. Provisional Welding Procedure Specification (pWPS) 

- Welding Inspection of Steels WIS 5 5.9 
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Materials Inspection: 

Materials 

Materials are defined as solid matter that we use to make things with. There are 2 basic 
types of metallic materials 1) Castings. and 2)  Wrought Products. Most metals and 
alloys commence life in the form of casting and may remain a s  a "Cast Product" 
Materials with little or no ductility or malleability are normally formed in this way, such 
as most Cast Irons. A casting may also go on to be formed by other processes i.e. forged, 
hot/cold rolled, extruded, drawn andlor pressed etc. into the shapes that we are all 
familiar with i.e. plates, pipes and beam sections etc. (A Wrought or Worked Producl) 
Imperfections may occur in cast or wrought materials due to poor refining, or incorrect 
application/control of a material forming process, producing a low quality metallic form. 

Castings: 

There are many type of casting methods used to shape metals. In the conventional 
method of steel ingot casting, a ceramic lined mould is used producing a large ingot of 
approximately 21 metric tonnes. The mould is first fed with a charge of liquid steel as in 
A below. During the solidification process a primary pipe will be formed at the final 
point of cooling and solidification at the centre at the surface of the ingot and is caused 
by the difference in volumes between steel in the liquid and solid states. There may also 
be a secondary pipe formed and trapped directly beneath this as in B below. These pipes 
will also co~tain low melting point impurities i.3. sulphur and phosphorons and their 
compoxnds which will naturally seek the final point of solidification as they solidify at 
much lower temperature than the steel. Should the ir,got be low quality steel. which has 
been poorly refined low melting point impurities held in liquid solution will segregate 
out throughout the structure at the grain boundaries and become trapped in that area by 
dendritic growth. Finally, the ingot would be cropped prior to primary rolling and it is 
vey  possible that due to economics and misjudgcmcnt that a portion of a primary pipe 
and ail of any secondary pipe present will remain in the final cropped ingot as in C 
below. The cropped steel ingot would then be reheated and sent for hot rolling. 
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Rolling 

Once an ingot has been cast it may undergo a variety of different forming methods to 
produce the final shape required. Very often the first of these is primary and secondary 
rolling. In primary rolling the heated ingot is rolled backwards and forwards through a 
reversing mill. The ingot is plastically deformed under compressive forces into a section 
until it is almost of the ingots CSA, though now very much longer and is termed a 
bloom. To enable the steel to deform in this manner requires a high level of the 
malleability, or plastic deformation under compressive forces. This is generally at an 
optimum in steels between the temperatures of 1100 - 1300 "C, though the exact 
temperatures will depend on the chemical composition of the steel. After primary rolling 
and working the ingot undergoes secondary rolling where it is finally cut into a number of 
manageable sized pieces called billets. During these processes any inclusions or trapped 
impurities in the ingot will be elongated or strung out, and may produce laminations in 
the fmal form. 

4 
Direction of rolline b 

Segregation .~..~ band ' 

Laminations contain impurities and major inclusions such as slag that solidifies in the 
ingot. When rolled out these major inclusions may exist throughout the plate thickness. 
Gas pores in the solidified ingot can also cause laminations when rolled out but will 
generally 'close up' during the hot rolling process. Laminations will become thinner as 
the plate is rolled into thinner plate and may eventually become invisible to the naked 
eye in thinner plates, however sulphur contents > 0.05% can cause problems in welding. 

Segregation bands occur in the centre of the plate and are low melting point impurities 
such as sulphur or phosphorous which have segregated to the centre of the ingot as that 
is the last place to solidify. Great care needs to be taken when welding low quality steel 
as sulphur levels may be present in the steel which cannot be detected by non destructive 
testing. Segregation bands can only be found on etched surfaces and have an appearance 
similar to that of a weld HAZ. 

Laps are caused during rolling when overlapped metal does not fuse to the base material 
due to insufficient temperature, and/or pressure. 
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All materials arriving on site should be inspected for 

Size 
Condition 
Type/Specifieation/Schcdule 
Storage 

In addition, other elements may need to be considered depending on the materials form 
or shape. Most plate materials begin life as a casting, which is then rolled out into plate, 
slab or billet. Plate may then be rolled into pipe and welded with a longitudinal or helical 
seam. Seamless pipes are generally extruded or drawn but may also be cast. 

Plate Inspection 

Condition 

Corrosion, mechanical damage, laps, and laminations 

Thickness 

- - 
I Length 

Width 

Additional checks may need to be carried out such as heat treatment, condition, 
distortion tolerance, quantity, storage and identification. 

-- .- 
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Pipe/Tube Inspection 

Condition 

Corrosion, mechanical damage, wall thickness, ovality, laps and laminations 

Specification/Schedule 

Welded seam 

Additional checks may also need to be carried out, such as heat treatment condition, 
distortion tolerance, Hino,  quantity, identification and storage. 

Pipe is a material form, which may be produced by one of 3 basic methods: 

Seamless pipe 

Helically welded pipe 

Flash butt welded pipe 

.- -- .- - 
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Seamless pipes Produced by the drawing or extrusion processes. 

Helically welded pipes Produced from flat plate material that has been helically 
wound, then seam welded. The SAW process is generally 
used and welded on both the inside and outside of the seam 
at the same time. Fusion problems are commonly found on 
the welded seam, and are usually caused by incorrect setting 
of seam tracking systems. Helically welded pipes are 
generally of the larger diameters. 

Lack of root fusiodincomplete root 
penetration caused by the insufficient 
control of the processlseam tracking. 

Spiral welded seam 

Flash-butt welded pipe Produced from flat plate. which has then been rolled round. 
Problems may be found in the welded seam caused by 
insufficient preparation and/or poor process control. 

It is often a requirement of line pipe application standards that a minimum degree of 
distance shall be given between adjoining longitudinal seams at mating butt joints. This 
is generally to reduce the risk of seam bursts caused by poor hsion in the welded seam, 
however this will also increase the likelihood of the Hi-Lo effect in the pipe joint where 
any ovality had been produced in the pipes during the forming or rolling process. 

The minimum distance betwe 
welded pipe seams is normally 

The welding of pipe joint that have a high degree of Hi-Lo may cause further 
unacceptable welding imperfections to occur such as incomplete root penetration; or lack 
of root fusion. Pipes must therefore he checked carefully for acceptable levels of ovality 
prior to acceptance at site, as this problem may be extremely difficult to overcome once 
production has commenced. 
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Traceability 

In any quality system materials need to be traceable, a very simple line diagram is 
shown below 

Hard stamped at the Steel Mill 
with ID Heat and Batch number 

Mechanical and Chemical test- 
Carried out Certificates Issued @ 

ABC Fabrications Ltd. 
/ 

Transfer of stamp and witness by TPI 

\ 

Test pieces may he taken 
and retested for verification 

Material is logged as for 
cutting/fonning list 

Finished component with 
fully logged traceability 
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WIS 5 Section 6 Exercises: 

1) List three other areas of inspection that the welding inspector must check 
for all materials arriving at the construction site? 

1. Size 

2) List 2 further imperfections, which may be introduced into a material during 
the stages ofprimary forming? 

1. Laminations 

4) List 6 further inspection points of pipe materials that should be checked hy the 
welding inspector prior to acceptance? 

1. Ovality 
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Codes and Standards: 

A code of practice is generally considered as a legally binding document, containing all 
obligatory rules required to design, build and test a specific product. A standard will 
generally contain, or refer to all the relevant optional and mandatory manufacturing, 
testing and measuring data. The definitions given in the English dictionary state: 

A code of practice 
A set of law's or rules that be followed when providing a service or produrf 

An application standard 
A level of quality or specification too which something mav be tested. 

We use codes and standards to manufacture many things that have been built many times 
before. The lessons of failures, under or over design are generally incorporated into the 
next revised edition. 

'Typical desiyniconstnrction codes and standards used in industry include: 

a) Pipe lines carrying low, and high-pressure fluids 
b) Oil storage tanks 
C) Pressure vessels 
d) Offshore structures 
e )  Nuclear installations 
f) Composite concrete and steel bridge cofistruction 
g) Vehicle mar~ufacture 
h) Nuclear power station pipe \vcirk 
i) Silbmariile hull construclior~ 
j) Earth moving equipment 
k) Building const~-uction d c  

Generally; the higher the level of quality required then the more stringent is the 
codelstandard in terms of the mmufacturing method, materials, workmanship, testing 
and acceptable imperfection levels. The application codelstandard will give important 
information to the welding inspector as it determines the inspection points and stages, 
and other relevant criteria that must be followed, or achieved by the contractor during the 
fabrication process. 

Most major application codeslstandards contain 3 major areas, which are dedicated to the 

Design 
Manufacture 
Testing 

- - - - .- -pp 
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Frequently the application codelstandard will contain dedicated levels of acceptance, 
which are drawn up by a board of professional senior engineers who operate in that 
specific industrial area. Others may refer to other published standards or data. 

Codes and standards are revised periodically to take into account new data, new 
manufacturing methods, or processes that may come into being. Areas of responsibility 
within any application standard are generally divided into 

1) The client, or customer 

The contractor, or manufacturer 

The third party inspection authority, or client's representative 

The applied codelstandard will form the main part of the contract documents hence any 
deviation, or non-conformance from the codelstandard must be applied for by application 
from the contractor to the client as a concession. And should always be agreed in writing 
prior to implementation. Once a concession has been agreed, written and signed it is then 
filed with the fabricationlproject quality documents. 

Typical Contents of Manufacturing Standard 

As previously described, most manufacturing standards can be basically divided into 3 
areas. these areas viill contain similar types of instmctions, data. or information 
referenced to the production of that which the standard covers. 

The sections contained within a typical linepipe standard are outlined below: 

Section 1 General: 

This section contains the Scope of the standard, which is a very important statement 
outlining accurately all that is covered by the standard, and hence indicating which is not. 

Section 2 References: 

This identifies a comprehensive list of all others standards, publications too which the 
standard makes reference. This may include nationally published standards for welding 
approvals, specialised equipment, welding consumables, and NDT etc. 

Section 3 Definitions: 

This section identifies a list of specific terms used within the standard, and offers a 
precise and concise explanation, or definition for each. 

---- 
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Section 4 Specificntions: 

This section gives instructions and guidance on the acceptable state, and condition of all 
welding equipment used on the project. It also identifies any applicable national 
standards for pipe materials, fittings, welding electrodes, wires, fluxes and gases etc. 

Section 5 pualification o f  Weldin2 Procedure: 

This section contains instructions and information relevant to the welding and testing of 
welding procedures. Thep WPS would contain the following information where relevant 

Welding Process 
Base material composition and grade 
Diameter and wall thickness 
Joint design 
Filler material and run sequence if applicable 
Electrical, or flame characteristics of the welding process (As applicable) 
The welding position 
Direction of welding 
Time between weld passes (If applicable) 
Inter-run and post cleaning 
Pre and Post weld heat treatments (If applicable) 
Shielding gas and flow rates (If applicable) 
Shielding flux (If applicable) 
Speed of travel (If applicable) 

The section also identifies the essential variables. This is defined as any variable which 
if changed will effect the mechanical properties of the materials being welded, thus 
requiring re-approval of the procedure. Essential welding variables will include: 

Welding process or method of application 
Base materials 
A major change in joint design 
A change in position from fixed to roll welded or vice -versa 
Wall thickness. (Outside of any extent of approval) 
Filler materials. (Outside of any extent of approval) 
Electrical characteristics 
Time between weld passes. (Outside of any extent of approval) 
Direction of welding. (For example from vertical up to vertical down) 
Shielding gas and flow rates. (Outside of any extent of approval) 
Shielding flux. (Outside of any extent of approval) 
Speed of travel. (Outside of any extent of approval) 
Pre andlor Post Heat treatment 
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The section may also give information relating to the location and type of tests for 
varying diameters of pipe and all information relating to the preparation of test pieces for 
mechanical testing. 

Section 6 The Oaalifiration o f  Welders: 

This section covers aspects relating to the testing for single, and multiple qualifications 
of welders by Visual examination NDT and mechanical testing. 

Section 7 Production Welding: 

This section gives information applicable to all aspects of field production welding, 
covering such elements such as acceptable weather and site conditions. 

Section 8 The Qualification ofInspectors and NDT Technicians: 

In this section the qualification and experience requirements of all welding inspection 
and NDT personnel is identified. 

Section 9 Levels ofAcce~tance: 

This section coniains all relevant data for the inspector to evaluate the acceptancb <,, 

rejection of identified welding imperfections. through visual examination or NDT. 

Section 10 Repairs: 

Should a repair become necessary, this section provides guidance on the repair 
procedure. 

Section I 1  NDT Procedures: 

This extensive section gives procedural instructions and information relevant to the use 
of Radiography, Ultrasonic testing. MPI and Penetrant testing of welded joints. 

Section 12 Automatic Weldinp with Filler Metal Alinifions: 

This section is dedicated to processes that do not rely upon human skill to deposit filler 
metal and demands an extensive amount of information similar to section 6 during 
welding procedural approval. Processes covered include automated MIG TIG and SAW. 

Section 13 Automatic Welding Without Filler Metal Additions: 

This section relates entirely to procedural approval of flash-butt welding of pipelines. 
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Application codes/standards/specifications generally do not contain all the relevant data 
required for manufacture, but rnay refer to other applicable standards for special 
elements. Examples of standards that may be referenced are given below. 

Materials specifications 
Welding consumable specifications 
Welding procedure approvals 
Welder approvals 
Personnel qualifications for NDT operators 
NDT Methods 
Weld Symbols on Drawings 
Levels of acceptance of welding imperfections 

WIS 5 Section 7 Exercise 1: 

List all the sections contained within your working application code or standard? 

1 The Scope (Generally the first section heading in any code or standard) 
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WIS 5 Section 7 Exercise 2: 
Read your nominated application standard carefully, identifying all sections or clauses within the 
standard containing acceptancelrejection information/criteria for the welding imperfections listed 
in the tables below; then insert this into the relevant coIurnns given below in tables 1 & 2. 

In many Line Pipe Standards (API 1104) the root can only be evaluated through Radiograuhv. 
l'lrrr<furr .some ollow~oonccs, orher rhoon Irtz~rlz trrr gir~o~z as ti factor of RaoIio~ra~hic Iler~sit~: 
In .such ra.~~,s zhe itnprrfrrtio~n shoull be recorded btrt ucceptrd, if the Rrtrliogra~~h i.x unuvctilablc. 
Imperfections that are not given in  a standardshould be marked as Not Referenced and Acceufed. 

The complete weld evaluation form can be found in the Section 23 "Practical Visual Inspection" 
where itlorms part ofpage 3 of 3 of the inspection form set for both Plate and Pipe inspection. 
It  is important that you become very conversant with these values and where the clauses and tables 
can be found before attempting your examination. 

Warning: 

No other papers can be brought into the exam room other than the application standard, which 
will then be clzeckedprior to the examination for any entries made other Nzan the printed text. 
If  such entries are found then ejection from the exam may result. (A Hi-lighted text is acceptable) 
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Weld Symbols on Drawings: 

We use weld symbols to transfer information from the design office to the workshop. 

It is essential that a welding inspector can interpret weld symbols, as a large proportion 
of the welding inspectors time will be spent checking that the welder is correctly 
completing the weld in accordance with the approved fabrication drawing. Therefore 
without a good knowledge of weld symbols, a welding inspector is unable to carry out 
his full scope of work. Standards for weld symbols do not follow logic, but are based on 
simple conventions. There are many different standards for weld symbols, as most major 
manufacturing countries have developed their own. It is important to understand the 
basic differences, and to be able to recognise a drawing standard being used. Reference 
should be always be made to the standard for specific symbolic information. Basically a 
weld symbol is made of 5 different components, common to all major standards. 

1 )  The arrow line 
The arrow line is always a straight and unbroken line, (With the exception of instances 
in AWS A2.4) and has only 1 of 2 points on the joint where it must touch, as shown 
below: 

2 )  T&E r~ference Iine 
The referense line must touch the arrow line, and is generally parallel to the bottom of 
the drawing. There is thcreforc always an angle between the arrow line and reference 
line. The poini of the jcint of the 2 lines is refelred to as the kpzuck%e. 

3) Thesymbol 
The orientation of the symbol on the line is generally the same in most standards, 
however the concept of arrow side and other side is shown differently in some 
standards. This convention is explained within the following text for UK, European, and 
I S 0  standards. (AWS A2.4 convention for arrow and other side follows that of BS 499) - 
4 )  The dimensions 
Basically, all cross sectional dimensions are given to the left, and all liner dimensions arc 
given to the right hand of the symbols in most standards. 

5) Supplementary information 
Supplementary information, such as welding process, weld profile, NDT, and any speciai 
instructions may differ from standard to standard. The following section gives a guide to 
the standards used in UK and Europe. 

- - 
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Convention of BS 499 (UK) -- .. 
The Arrow Line 

a) Shall touch the joint intersection 
b) Shall not be parallel to the drawing 

c) Shall point towards a single plate preparation 

The Reference Line 

a) Shall join the arrow line 
b) Shall be parallel to the bottom of the drawing 

The Weld Symbol 

a) Welds done from this side (Anow side) of joint go underneath the reference line 

b) Welds done ffom the other side of the joint go on top of the reference linc 

c) Symbols with a vertical line component must be drawn with the vertical line drawn 
tn the I d  side of the synll.01 

d) All cross sectional d;.mensioris are shown to thr: Lefi e.f the symbol 
Fillet :l.xoat thickness is preceded by the letter ;a and the leg length by the letter b 

When only leg Eengtk is shown the reference letter (h) is optional 

'The throat thickness for partial penetration butt weids is preceded by the letter s 

e) All linear dimensions are shown on the right of the symbol 

i.e. Number of welds: length of welds, length of any spaces 

~ 
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Examples of Weld Symbols common to BS 499 a n d k  i.. EN 2 1 5 5 $ > . ~ , ~ , ~  
' , ._ -4 b . ' 

Double-sided butt weld symbols 

Double bevel Double V Double J Double U 

Supplementary & further weld symbols 

Weld all around 

Profile of fillet weld 

cess to BS EN 4063 

Cumpountb weld (Single bwei rntd double filleij 

Intermittent welds in BS 499 and BS EN 22553 are given as shown as below with 
number of welds x length of each weld and gap length given in brackets i.e. 3 x 20 (50) 

A staggered intermittent weld may be shown with a drawn across the axis between 
the weld length and gap. 

3 No's 20mm length 

3 x 20 (50) 

3 x 20 (50) 

Staggered 

-- . 
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2) Convention of BS EN 22553 (Has replaced BS 499 in UK) 

The Arrow Line (As for BS 499) 

a) Shall touch the joint intersection 
b) Shall not be parallel to the drawing 
c) Shall point towards a single plate preparation 

The Reference Line 

a) Shall join the arrow line 3 As per BS 499 
b) Shall be parallel to the bottom of the drawing 

c) Shall have a broken line placed above, or beneath the reference line 

The Symbol (As for BS 499 with the following exce~tions) 

The other side of the joint is represented by the broken line, which shall be shown 
above or below the reference line, except in the case where the welds are totally 
symmetrical about the central axis of the joint. 

Fillet weld leg length shall always be preceded by the letter z. 
Nominal fillet weld throat thickness shall always be preceded by the letter a. 
Effective throat thickness shall always be preceded by the letter s for deep penetration 
fillet welds and partial penetration butt welds. 

Unbroken line representing the arrow side of the joint 

Welding process to BS EN 4063 

Reference information 

Broken line indicating 
other side of the joint - Weld toes to be 

ground smoothly 
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Elementary Symbols as extracted from BS EN 22553 

Number Designation Illustration Symbol 
Butt weld between plates with 
raised edges. 1 Edge flanged 
weld USA. The raised edges 
being melted down completely 

3 

4 

5 

6 

7 
-- 

% 

. 
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Single-V Butt Weld 

Single-bevel Butt Weld 

Single-V Butt Weld 
With a Broad Root Face 

Single-bevel Butt Weld 
With a Broad Root Face 

Single-U Butt Weld 
(Parallel or Sloping Sides) 

Single &Butt We!d 

Backing run 
Backing Weld USA 

n 

0 
I 

Fillet Weld 

Plug Weld; Plug 
Slot Weld USA 

Spot Weld 

B 
6 7 9  
B 
6357 

@ - 

v 
y 
Y 
u 
r 1  

I I 
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13 Seam Weld 

14 
Steep Flanked Single-V Butt 
Weld. (Narrow Gap Preparation) 

15 
Steep-flanked Single-bevel Butt 
Weld. (Narrow Gap Preparation) 

16 

17 

'milndined joint 

Edge Weld 

Surfacing 
! 

- I 

18 Surface Joint 1 
I 

20 
I 

Fold Joint 
__-A 

Supplementary Symbols Extracted from BS EN 22553 
Shape of weld surface or weld 

/ Flat (Usually finished flush) a) 

Symbol 

- 
b) 

I 

I I 

c) 

I I 
Convex 

d) 
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Numerical Indications of Selected Welding Processes 
(As extracted from BS EN 4063:2000) 
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WIS 5 Section 8 Exercises: 

Complete a sylnbols drawing for the welded cruciform joint given below 

All butt weld are welded with the MIG process and fillet welds with MMA. 

All fillet weld leg lengths are BO mm 

Use the sheets overleaf to transcribe the information shown above into weld 

symbols complying with the following standards 

BS 499 Part I1 
BS EN 22553 

Use the drawings provided overleaf 

The course lecturer will present the solutions, after you have completed the 
exercise. 

-- 
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BS 499 Part II 

-- 
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Introduction to Welding Processes: 

A Welding Process: Special equipment used with method, for producing welds. 

Welding processes are classified into 2 specific areas 

1) Fusion Welding processes. (The weld requires meltinglmixing and re-solidification) 

2) Solid PhaseIState Welding processes. (The weld is made in the plastic condition) 

The 4 main requirements of any Fusion Welding Process are 

To make sound 

4 Protection Of the molten filler metal in transit and base metal from oxidation, and to 
1 protect the weld zone from ingress of gases such as hydrogen & oxygen , 

[# \, 
2 ?, Cleaning Of the weld metal to remove oxides and impurities, and refine the grains 
Y 

1 Adequate Adding alloying elements to the weld, to produce the desired mechanical ' properties properties 
I 

Heating . Of high enough intensity to cause melting of base metals and filler metals 
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Protection: Ofthe hear source aaad weld area from oxidatima 

In MMA welding, the gas shicld is produced from the combustion of compounds in the 
electrode coating. The gas produced is mainly C 0 2  but electrodes are available that 
produce varying a m m t s  of hydrogen gas, which gives higher levels of penetration. 

In Submerged Arc welding the gas shield is again produced from the combustion of 
compounds, but these compounds are supplied in a granulated flux, which is supplied 
separately to the wire. MMA electrodes or SAW fluxes containing high levels of basic 
(calcium) cumpounds are used where either hydrogen control, or high toughness md 
strength has b e n  specified as most basic agents have a very good cleaning effect. 

In MIG/RIAG $r TI@ welding the gas is supplied directly from a cylinder, or bulk feed 
system and may be stored in a gaseous, or liquid state. In TIG & MIG welding we 
generally use the inert gases argon or helium. In MAG welding we generally use COz or 
mixtures of COz or 0 2  in argon. 

Cleaning: Of surface contamirzonts & repnement of weld metal 

The cleaning. refining and de-oxidation of the weld rietal is a major requirement of all 
common fusion welding processes. As a weld can be considered as a casting, it is 
possible to us.: low quality wires in some processes, and yet produce high quality \veld 
metal by nciding cleaning agents lo the flux. This is especially true in MMA avelding, 
where mza:; c!eanii~g agents and de-a:<ida!?ts may be added directly to the c-lectrtide 
coating. Oe-oxidants and cieaniteg ager~ts arc :iiscr generally added to FCAW & SAW 
fluxes. For MIGIMAG & ' n G  welding wires. de-oxidants: such as silicon, aluminium 
and manganese must be added to the rvire during inir-ial casi-iag. Ekcbrodes and wires for 
PdIG & TIC+ welding must also be relined to the highest quality prior to casting, as they 
have no flux to add cleaning agejits to the snlidi@ing weld metal. 

Properties: 8fsbl@-icief8 va!ues, prod& lhro~gh a[/@ying 

As with de-oxidants, we may add alloying elements to the weld metal via a flux in some 
processes to produce the desired weld metal properties. It is the main reason why there is 
a wide range of consumables for the MMA process. The chemical composition of the 
deposited weld metal can be changed easily during miil~ufacture of the flux coating. This 
also increases the electrode efficiency. (Electrodes of > 160% are not uncommon for 
surfacing applications). In SAW, compounds such as Feno-manganese are added to 
agglomerated fluxes. It is much cheaper to add alloying elements to the weld via the flux 
as an ore, or compound. As with the cleaning requirement described above, wires for 
MIGIMAG & TIG must be drawn as cast, thus all the elements required in the deposited 
weld metal composition must be within the cast and drawn wire and is the main reason 
why the range of these consumables is very limited. With the developments of flux core 
wires, the range of consumables for FCAW is now more extensive, as alloying elements 
may be easily added to the flux core in the same way as MMA electrodes fluxes. 

-- 
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Sufficiently h ighj i r  the type ofwe&rting being done 

There are many heat sources used for welding. in fusion welding, the main requirement 
of any fusion welding process is that the heat source must be of sufficient temperature 
to melt the materials being welded. 

The intensity of this heat is also a major factor, which will mainly affect the speed of the 
welding operation. This section briefly describes some of the various types of fusion and 
solid phase welding processes available to the Welding Engineer. 

In BS EN 4063 WeldindCutting Processes are classified, or grouped as follows 

/ 7 OTHER WELDING PROCESSES 
CUTTING -- & GOUGING - 
BRAZING, SOH~DERING & - BR4ZE -- WELDING - - - - - -- ; 

- . . . a he eorrirnon group oi'wekiing processes a~re si~oujtr above as i:atagoriseti in BS EN 4906; 
Soma of the rr1oi.e clsmmon specific processes rkat fa11 witbin these groiips are explained 
fu'urther within this section. 

These main groups are divided into subsections of sma!ler groups relying on the same 
method of heating, which may themselves have sub divisions i.e. 

The most common group used for welding of platelpipe materials uses the electric arc as 
the main heating method. This is mainly due to portability and relative ease of electrical 
power generation or the use of using readily available electrical power supplies with 
some added equipment, which in its most basic adaptation of the arc process as Manual 
Metal Arc Welding may be as simple as a transfomerlrectifier, 2 x high duty cycle 
electrical copper leads, an electrode holder, a power return clamp, a consumable 
electrode, and a suitably shaded visor. 

1 
13 
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Arc Welding 

Tht. Eiis-reric Arc 
. < By far ihe i'mst coinmoa heat source for fcsion welding r:sed in $CB\IF~ ini!u.;t~y !.s t i x  

eiectric. An electric arc can produce tempeiatxes of > 6000 "C hit with exiremc levels 
of ultra-vioiet, infrared and visible light. Heat is derived from the collision of electrons 
and ions with the base material and the electrode. iin electric arc may be defined as the 
passage of current across an ionised gap. All gases we insulators and thus sufficient 
voltage, or pressure needs to be available to cnable an electroil to be stripped from zn 
atom into the next (Similar to the reaction within any UV strip iight). Once this 
conducting path or plasma has been created a lower voltage can normally maintain the 
arc though this will vary depending on the length of the arc gap. The voltage required to 
initiate the' arc is termed the open circuit voltage or OCV requirement of the 
processiconsumable. Voltage that maintains the arc is termed the welding or arc voltage. 

Mh%A (111) 'FIG (141) MIG (131) MAG (135) and Submerged Arc (126) :%re all 
covered in fhis text in sections 10-13. Other arc wriding pncesses within the group 
include MIAB or Magnetically Impelled Arc Butt Welding, (185) where an arc is 
formed at the closest proximity between two tubular forms. A circumferential magnetic 
field impels this arc around the section at ever increasing speeds. Once the leading edges 
are in the molten state the arc and magnetic fields are then shut down and the edges are 
joined under axial pressure. As all the liquid metal is extruded into a flash, ihe joint is 
made in the plastic condition and is therefore considered as solid phase. 

- 
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Summary of Common Arc Welding Processes: 

1 Process 

I 
Basic 
Equipment 
Requirements 

Rectifier 
Powerlpower 
return cables 
Electrode holder 
Visor with lens 
Fume extraction 

-- 

MIGM AG 
Transformer/ Transformer1 
Rectifier Rectifier 
Head assembly Head assembly 
Hose assembly Hose assembly 

Gas cylinder Wire feed unit 
Gas hoses Gas cylinder 
Gas regulators Gas hoses 
Gas flow meter Gas regulators 
Visor with lens Gas flow meter 
Fume extraction Visor with lens 

I 

Rectifier 
Head assembly 
Hose assembly 
Power return cable 
Wire feed unit 
Flux hopper 
Flux delivery systenr 
Flux recovery system 
Run on/off tabs 
Tractor carriage 
Fume extraction 

I Fume extraction 
1 / The arc  is struck 1 Scratch Start / Wire contact is made 1 Wire contact is made 

Variable 
Parameters Gas flow rate Gas flow rate 

,~~ 

Electrode wire 0 Electrode wire 0 
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2) Electrical Resistance 

The heat generated by electrical resistance between 2 surfaces is used to produce 1 95% 
of all welds made in engineering, mainly in the resistance spot welding process. 

24 1 Flash welding 
25 1 Resistance butt welding 

2 
21 
22 
23 

/ 29 1 Other resistance welding processes 1 

RESISTANCE WELDING 
Spot welding 
Seam welding 
Projection welding 

The basic procedural parameters for the Spot or Seam Resistance Welding process are: 

a) Pressure 
b) Amperage 
c) Time 

of the electrodes on material surface 
generally based on material type and thickness 
independent times for amperage and pressure 

It is the most common heating method used for the spot welding of sheet materials 
particularly in the automotive industry and the fabrication of domestic products such as 
cases for washing machines, dishwashers, cookers etc. It finds little service in the 
fabrication of heavier section though the flash butt welding process (24) it serves as a 
welding process in the anxfi~~f~cture of iongitedinaily seamed pipe and also to join 
lengths of rolled railway line: in the mii! prior to dispatch to the site where they are 
joined into continua~us rail ieag~hs by another welding processes described in group 7 

The main inspection points of the conventional elec~ical resistance welding process 
include electrode cheizlical composition, as this p I ~ y s  a critical part in the balance of 
reducing wear and maximising conduction. Pure copper is a very soft metal and will 
wear vev  easily, though alloying increases hardness it greatly reduces the conductivity. 
As the electrode tip begins to wear the area of contact also increases which also has a 
marked effect on the welding cycle and the shape and effectiveness of the final weld. If 
conditions are incorrect then a large crater may be produced in the surface of the sheet, 
which will generally give cause for rejection. Most equipment is of DC output, but some 
AC equipment is available. It is mainly used to weld low carbon sheet steels though it is 
possible to weld some non-ferrous alloys including aluminium with this process, though 
much higher currents are needed due to the conductivity of aluminium and its alloys. 

The effect of tip wear upon 
surface contact area of electrodes. 

The effect of incorrect settings, increased 
surface contact area andlor poor tit up etc. 

--- - - - - - - - 
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Spot and Seam Welding 

For spot or seam welding the base metals need to be in the lap joint configuration 

Spot Welding (21) Using the Resistance welding process 

Copper alloy electrodes 
Passage of current 

+ ve 

Weld nougat 

Typical spot welding 
electrodes/equipment 

Seam Welding (22) Using the Resistailce welding process 

In seam vddirrg v,'he~led electrode; ~naice a series of  a;vel.l;rppirhg spot welds i;iea.~ii~p a 
welded seam. 

Passage of c w e n i  

Typical seam welding 
electrodes/equipmernt 

- 
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Projection Welding (23) 

In projection welding the contact is made from projections formed between one of the 
items to be welded. (A) A platen of electrodes is applied from both sides directly above 
the projections. (B) These projections collapse from a combination of the heat generated 
and the applied pressure and spot welds are formed directly beneath. (C)  

Projections 
I 

Passage of current 

B 

Spot welds 

It should be noted that other welding processes may be used to produce spot welds i.e. 
MIG welding equipment often has a spot welding timer on the panel and spot welding 
may be easily carried out with the use of a spacer attachment. 
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Flash Butt Welding (24125) 

In Flash and Resistance butt-weiding processes modifications of the basic resistance 
welding process have allowed the welding of butt joints. An important distinction is that 
the conventional resistance spot welding process is a fusion welding process as metal is 
joined from the molten state. In flash butt welding the resistance caused between 2 
surfaces form a molten edge, however the pressure employed will force this molten 
metal to the outside of the joint causing a flash to be produced leaving the material 
below this to be joined in the plastic condition, hence this process is considered to be of 

.the solid stzte group. This process is also used in strip steels mills to join lengths of strip. 

Solid materials to be welded 

The faces are placed in close proximity and a high current and voltage 
is passed through the joint. 

A 

The joint faces are moved slightly apart causing a gap to occur and creating 
an arc. Resistance heating in the arc melts the leading edges of the joint. 

The current is switched off and axial pressure applied. 
The materials are joined in the plastic condition and a flash is produced. 
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3) Combustion of Gases 

Oxygen & acetylene will combust to produce a ilaillt: temperature of 3,205 "C. Other 
fuel gases may be used for oxy-fuel gas cutting, as this requires a lower temperature. The 
indeitsity of heat in a chemical flame is not as high as other heating methods and as such 
a longer time needs to be spent applying the heat to bring a metal to its melting point as 
heat is dissipated by conduction, convection and radiation 

The gas welding process is not as widely used these days though it is a handy standby as 
there is not much that cannot be done with this process in the hands of a good craftsman. 

3 
31 

3 11 
32 

4) Welding with Pressure 

GASWELDING 
Oxy-fuel gas welding 
Oxy-acetylene welding 
Air fuel gas welding 

A most useful Vklding Process in this group is Friction -Weldirrg - he r e  heat i s  gci:erated 
by mcjsing the two parts to be welded together to gene1-3tr ilea:; then ipp?ying pressure 
to weld components together. The joint is made whiie the natciial faces remain in the 
plastic condition and is thus a solid phase welding process. 

Generally one of the 2 components to be welded is rotated in a chuck and the other is 
held in the same axis in a stock. The 2 surfaces are brought into contact and friction is 
generated between the 2 faces. This caused heat to be produced which eventually brings 
the faces into their plastic condition. The rotation is arrested and an axial load is applied 
to the components forcing any liquid out of the joint to forma flash. The faces are now 
joined in the plastic condition. A variation of this process is Inertia Welding (44) where 
a flywheel is left in motion as the axial load is applied. As there is no liquid phase in the 
weld metal this process enables a great many materials to be joined together including 
aluminium to steels, ceramics to metals etc. There are a great many variations on the 
process with Friction Stir Welding at the cutting edge of this technology. 
Diffusion Bonding (45) is also a solid phase process where parts to be welded are 
loaded in compression and heated to beneath their melting point when plastic movement 
takes place. A perfect surface is created between the bonding surfaces, with diffusion of 
atoms causing molecular bridges. This process can be used to create some very complex 
fabrications, which would be impossible to make by other means. 

-. -- - -- 
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5 )  Beam Welding 

High-energy beam processes are used in specialist applications such as aerospace, where 
any high cost of the equipment is outweighed by the implications of failure in any 
component. These processes utilise a focal spot of high energy to punch a hole through 
the welded seam producing a keyhole, vaporising the metal. This resultant vapour cloud 
surrounds the beam keeping the keyhole patent. The seam is generally traversed beneath 
the beam and solidification takes place behind the moving keyhole. Butt welds are 
always made with a square edge preparation and weld fit up is extremely critical. 

5 1 BEAM WELDZNG 
I 51 I F:lectron hevm welding 

5 I I I Elrctrotl bean1 \\clding in a vacuum 

In Varrtum Electron Beam (511) has the highest penetrating power of these processes 
and can weld >lOOmm thick steel in a square edge butt. It is commonly used in the 
aerospace indgstry for the welding of titanium alloy components, where protection from 
oztidation is critical. Ii may also be used to weld high carbon and difficult to weld steels 
by praciii:airy rr:n-nctiiing the risk cif hydrogen associated crackii~g. Oar8 qf v@ctfum EB 
(512) rrdticcs ~ ~ ~ i - r i i ~ i ~ ~ g  costs, but tiUooses the high degree of protectin~z &am oxidation 
;anti realuces the amount. of penetr~lloi~ ibaruugh divergenlce effects in the bear0 focal spot. 

5 12 
52 

521 
522 

Laser- (52,) (Liyt  Amplifications though Stimulated Emissions of Radiation) light has 
been used for weldindcutting for many years now, though the COz lasers (52%) initially 
used had a major drawback in that the beam required nlanipulation by a series of mirrors 
that restricied wider use of the process. With the development of the NdYAG Laser (A 
crystal containing neodymium in ytterbium aluminium and garnet) (521) a frequency of 
laser light is produced that can be passed through a fibre optic making this system of 
welding extremely flexible. High-energy beam welding allows very fast welding speeds 
with a narrow HAZ and producing a very minimal amount of distortion. 

Electron beam welding out of vacuum 

Laser welding 
Solid state LASER welding 
Gas LASER welding 

Solidified weld 

Square edge seam 

4 
Direction of travel of the plates 
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7) Other Welding Processes 
In this category of welding processes all those processes that carmot be classified within 
the other groups are given here. 

Alumino-Thermic Welding (71) 

This is generally used for on site welding of railway line. A crucible is charged with 
aluminium and iron oxide and heated. The mixture is then ignited and an exothermic 
chemical reaction takes place where the aluminium reacts with the iron oxide resulting in 
the formation of aluminium oxide + iron + heat. The temperature reached is around 
2,500 " C w-here the iron is molten but the aluminium oxide (the ceramic alumina) 
remains as a solid. The molten iron is discharged into a ceramic mould prepared around 
the weld area, where it meets the preheated rail and becomes fused. After the weld has 
solidified and cooled the mould is removed and the rail is dressed. 

The rail is cut and prepared for welding 

The charged crucible of A1 + Fe Oz powder 

Pre-heated rail 

A shaped ceramic or firebrick mould 

The mould is removed and the rail is dressed 

- - -- 
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The Electro-Slag Weldirdg (72) 

This is a welding process wherc a molten slag of high resistivity is used to aid weld 
metal deposition. The pracess is mainly used for thick section vertical up butt welds. 
First a highly resistive granulated flux is placed in the bottom of the joint on the striking 
plate and a set of water-cooled copper shoes are attached to each side of the joint. An arc 
is struck which melts the flux producing a molten slag that is kept from flowing out of 
the joint by the copper shoes. The arc is extinguished and the wire now feeds into the 
molten flux bath, which is highly resistive. The heat generated is sufficient to melt both 
the wire and the sidewalls of the welded joint. The wire and welding head may be 
traversed (oscillatedj backwards and forward along the joint line to produce an even 
fusion rate. Many wires may be used when welding thicker sections. Welding takes place 
and both the weld and copper shoes rise to the top of the seam. On completion the shoes 
are removed and the weld is cleaned. The high heat energy of this process (typically 
around 50 - 60 kj/mrn) results in a large and brittle grain structure. If good toughness is 
required in the joint then a complete normalise heat treatment must be done to the steel. 
This is an expensive heat treatment but it is often the case that the high cost of heat 
treatment is very much offset by the speed of welding thick section vertical butt welds. 

A  further development of this process is Consumable Guide Electro-Slag welding 
(Shown Below) where the welding head remains stationary and the wire is fed down 
through an oscillating guide, which also becomes consumed in the weld. lh i s  increases 
the range of chemical compositions of weid metal available 80 the Welding Engineer, as 
the resultant weld is comprised of the wire, the base metal and the guide. %'he Elector- 
Slag principle is &en applied to strip ciaddirlg processes. 

Oscillnti~zg . consumable guide delivering the wire electrode 

- I  

Striking plate 

1) The copper shoes are attached 2) As the weld continues the weld 3) l-he finished weld 
and the granulated flux is placed metal rises and copper shoes must 
in the joint, and the arc is struck. also rise up the joint. The wire 
The flux melts and the arc is may also be traversed. The weld 
extinguished. The wire now feeds metal solidifies beneath the slag 
into the resistive slag 

- - 
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9) Brazing, Soldering and BrazeBronze Welding 

The soldering, brazing and braze welding processes are not classified as fusion processes 
as only partial or surface fusion takes place during the process, however there are a 
number of elements that require explanation as follows: 

Brazing (93) In the correct use of the term Brazing 2 elements need to be satisfied: 

a) The use of a filler material with a solidification temperature > 5Q@ OC 

h) A joint design using capillary &ion between 2 faces as the prime method rir'jiiini~~g 

Solderimp (94) Conditions ofthis process are generatally the same as for 8rui:ng but v ~ i i l ~  
the solidification of the filler alloy being 5: 500 OC. This process is most cornrnoilly used 
in the joining of copper electrical componests and ivire comecticins. 

Braze welding (97) This process may use similar filler alloy materials as when brazing. 
The fundamental difference between them is that the joint design does not rely alone on 
capillary action between the 2 surfaces to be joined, and a butt or fillet is generally 
produced in the joint area. An example of where this is used is in the braze of a cast iron 
butt joint where in order to maximise the joint surfare area the preparation may appear 
like the following 

(This area may also be studded) 

All group 9 processes rely primarily on a surface adhesion of the filler alloy From within 
the grain boundaries of the base metal to produce a sound joint though a degree of finite 
surface alloying may also occur. The success and thus the main inspection points of this 
group of processes are mostly concentrated around the joint preparation and cfunlincss. 
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WIS 5 Section 9 Exercises: 

1) Cornptete the 4 basic requirements to be satisfied for fusion welding processes? 

-1. A Heat source (Of high enough intensity to melt the base metals) 

2 )  Complete the basic parameters to be considered in resistance spot welding? 

1. Current 

2. 

3. 

4) Describe the main differences between Soldering Brazing and Braze Welding? 
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Are Characteristic for MMA & TIG 

In MMA & manual TIG welding the arc length is controlled solely by the welder. 
Whilst an experienced and highly skilled welder can keep the arc length at a fairly 
constant length there will always be some variation. 

When the arc length is increased, the voltage or pressure required to maintain the arc will 
also need ro increase. This would proportionally reduce the current in a normal electrical 
circuit where the supplied voltage is proportional to a drop in current. Thus a way needs 
to be found of reducing this large drop in current during high variations in arc voltage. 

This is achieved by the use of electrical components within the equipment the effects of 
which can be represented graphically by sets of operating curves, as shown below. 

The graphs below represent a typical relationship between volts and amps showing the 
effect of variation in the arc gap and voltage. 

A Constant Current VoltIAmp Characteristic 

laps. B: 140 .%rnps. 2: 180 Amps 

Welding Amperage A B C  

A large variation in voltage = A smaller variation in amperage 
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Manual Metal Arc Welding 

MMA is a welding process that was first developed in the late 19'h century using bare 
wire electrodes. It has found very wide use in both site and workshop applications. 

Definitions 

MMA Manual Mctal Arc Welding. (UK) 1 l r 

SMAW Shielded Metal Arc Welding. (USA) 

MhfA is simple prmess in terms ofrqiiipment and consurnables, using short flux covered 
electrodes. The electrode is secuj-ed in the eiecrrode holder and thc leads for this and the 
power return cable are placed in the 4- or - electrical ports as required. The process 
demands a high level of skill from the weider to obtain consistent high quality welds but 
is widely used in industry mainly because of the range of available consumables, its 
positional capabilities and adaptability to site work. (Photograph 1) 

The electrode core wire is often of very low quality as refining elements are easily added 
to the flux coating that can produce hidl quality weld metal relatively cheaply. 

The arc i s  struck by striking the electrode onto the surface of the plate and withdrawing 
it a small distance, as you would strike a match. The arc should be struck in the direct 
area of the weld preparation avoiding arc strikes or stray flash on the plate material. Care 
should also be taken to maintain a short and constant arc length and speed of travel. 

Photograph 2 shows a trainee dressed in the correct safety clothing, whilst photograph 3 
indicates the level of process-produced fume and the use of a flexible hose extraction 
system. L.ittle has changed with the basic principles of the process since it was developed 
but improvements in consumablelflux technologies occur on a very regular basis. 
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Manual Metal Arc Welding 
Basic Equipment Requirements 

1) Power source Transformer/Reckifier. (Ccnstanl c m n t  type) 

2) Holding oven. (Temperature up to 150 OC) 

3) Inverter power source 

4) Electrode holder 

5 )  Power cable 

6) Welding visor with correct filter glass rating 

7) Power return cable 

8) Electrodes 

9) Electrode oven. (Bakes up to 350 "C) 

10) Control panel. (On\OfflAmperage/Polarity/OCV) 

-- 
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Variahle Parameters 

1) Voltage 

The OCV (Open Circuit Voltage) is the voltage required to initiate or re-ignite the 
electric arc and will change with the type of electrode being used. Most basic coated 
electrodes require an OCV of 70 - 90 volts while most rutile electrodes require 50 volts. 
The Arc Voltage of a welding process is measured as close to the arc as possible. It is 
only variable in MMA with changes in arc length andlor poor electrical connections. 

2) Current & Polarity 

The type and value of current used will be determined by the choice of electrode 
classification, electrode diameter, material type and thickness and the welding position. 

Electrode polarity is generally determined by the operation i.e. surfacingljoining and the 
type of electrode or electrode coating being used. Most surfacing and non-ferrous alloys 
require DC - for correct deposition, although there are exceptions to this rule. Electrode 
bum off rates wili vary with AC or DC + or - depending on the coating type and the 
choice of polarity will also affect heat balance of the electric arc. Always follow the 
approved welding procedure or in its absence the manufacturers advice. 

Important Inspeetion Poi~ats/Cheeb when MMA WeIding 

Ip Thc Welding Equipmeat 
A visua! chei;".sliuuld he ma.& bi; eI.isbirc the weldli~g equipment Is in good condA. "ton. 

2 The EBectrode 
Checks shou!d be made io ensinre that the conecr specification of electrode is being used, 
that the ciiczrode is nf the coireci diameter and that the flux coating is in good condition. 
A check should be made to ensure that any basic coated electrode being used has been 
pre-baked to that specified in the welding procedure. A general pre-use treatment for 
basic coated electrodes would typically be: 

a) Baked at 350 "C for 1 hour 
b) Held in holding ovens at between 120 -150 O C  max 
c) Issued to the welder in a heated quiver. (Normally around 70 OC) 

Vacuum pack pre-baked electrodes do not need to undergo this pre-baking treatment but 
& if the vacuum seal is observed to be broken at the point of opening by the inspector. 
'The date and time that the carton and vacuum seal was broken should always be 
recorded by the responsible welding inspector. Users should always follow the 
manufacturers advicc and instructions to maintain the hydrogen level specified on 
electrode cartons. Cellulosic and rutile electrodes do not require this pre-use treatment 
but should be stored in a dry condition. Rutile electrodes may require "drying only when 
damp" and should therefore be treated as damp unless evidence dictates otherwise and 
dried (not baked) at a specified temperature. 
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3) OCV 
A check should be made to ensure that the equipment can produce the OCV required by 
the consumable and that any voltage selector has been moved to the correct position. 

4) Current Br Polarity 
A check should be made to ensure the current type and range is as detailed on the WPS 

5) Other Variable Welding Parameters 
Checks should be made for correct angle of electrode, arc gap distance, speed of travel 
and all other essential variables of the process given on the approved welding procedure. 

6) Safety Checks 
Checks should be made on the current carrying capacity, or duty cycle of equipment and 
that all electrical insulation is sound. 

A check should also be made that correct eye protection is being used when welding and 
chipping slag and that an eficient extraction system is in use to avoid over exposure to 
toxic fumes and gases. 

A check should always be made to ensure that the welder is qualified to weld the 
procedure being employed. 

1) Pitag iwria~sirpaas causeti by poor welding technique or insufficient inter-rim 
cleaning. 

2)  Porosity from using damp or damaged e!ectrcdes or when welding contaminated 
or unclean material. 

3) Lack of root fusion or penetration caused by in-correct settings of amps, root 
gap or face. 

4) Undercut caused by too high amperage for the position or by a poor welding 
technique e.g. travel speed too fast or too slow, air length (therefore voltage) 
variations particularly during excessive weaving. 

5 )  Arc strikes caused by incorrect arc striking procedure, or lack of skill. 
These may be also caused by incorrectly fittedlsecured power return lead clamps. 

6) Hydrogen cracks caused by the use of incorrect electrode type or i~correct baking 
procedure and/or control of basic coated electrodes. 
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Summary of MMAISMAW: :+:y 

Equipment requirements 

1) A TransfomerIRectifier, generator, inverter. (Co~stmt ampeiage type) 
' 2) A power and power return cable 
3) Electrode holder 
4) Electrode 

5) Correct visorlglass, all safety clothing and good extraction 

Parameters & Inspection Points 

1) Amperage 
3) ACIDC & Polarity 
5) Electrode type & diameter 
7) Electrode condition 
9) Insulation/extraction 

2) Open Circuit Voltage. (OCV) 
4) Speed of travel 
6) Duty cycles 
8) Connections 
10) Any special eiectrode treatment 

Typical Welding Irnperfeci-ioaes 

I )  Slag inclusions 2) Porosity 
3) Lack of root fusion or penetration 4) Undercat 
5) Arc strikes g )  Hz Crdcks. ( ~ ; i ~ ~ : ~ ~ ~ . . " l <  ii-earii-:cryi) 

Advantages 

1) Field or shop use 
2) Range of consumables 
3) All positional 
4) Very portable 
5) Simple equipment 

Disadvantages 

1) High skill facior required 
2) Arc strikes1Slag inclusini~s 
3) " Low Operating Factor 
4) High level of generated fumes 
5) Hydrogen control 

* Operatine Factor: (OIF) The percentage (%) of "Arc On Time" in a given time span. 

When compared with semi automatic welding processes the MMA welding process has a 
low OIF of approximately 30% Manual semi automatic MIGIMAG OIF is in the region 
60% with fully automated MIGIMAG in the region of 90% OIF. A welding process 
Operating Factor can be directly linked to prod~ictiviiy. 

werating Factor should not to be confused with the term Dutv Cycle, which is a safev 
value given as the % of time a conductor can carry a current and is given as a specific 
current at 60% and 100% of 10 minutes i.e. 350amps 60% and 300amps 100% 

.- - 
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WIS 5 Section 10 Exercises: 

1) Complete the basic equipment requirements for the MMA processes? 

1. A Transformer/Reetifier. (Constant amperape ty~e )  

2- - 

3. 

4. 

5. 

2) List 9 further parameter inspection points of the MlMA welding process? 

1. Amperage 2.  

3. 4. 

5. 6. 

-- 8. --a- 

t_____________--- 10. ___ 

3 List 5 fudher typical imperfectaons that may be forsaad im MMA ~e%b18? 

I. Slag Inclusions 2. ______________ 

3. 4. 

>. 6 .  

4) List 2 further advantages and disadvantages of the MMA welding process? 

Advantages Disadvantages 

1. Field or Shop use 1. Hioh Skill factor required 

-- 
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Tungsten Inert Gas Welding: 

TIG welding was first developed in the USA during the 2"%world war for welding 
aluminium alloys. As helium was used as the gas the process was known as Heliarc. 

Definitions 

TIG Tungsten Inert Gas Welding. (UK) 141 

GTA W Gas Tungsten Arc Welding. (USA) 

'1-IG welding is a process that requires a very high level ol'welder skill, es can he gauged 
in the apparent concentration of the welder above. (Photo 1) I1 zisn a process 
synonymous with high gaaali@ n ~ 1 . d ~  and is used to iw!d many pans of a Formukrr P 
racing car (Photo 2a) including the I ~ ~ c o a ~ e ~  exhaust system (Photo 2b) it is generaliy 
considered a comparatively slow process but with the development o f  Hot-Wire TIG 
(Photo 3 )  very high quality production welds can be made with deposition rates rivalling 
those found in SAW. TIG may also be used in narrow gap preparations. 

The arc may be stsuck by using a number of methods but in cheaper equipment the arc 
is struck Scratch start in a similar way to MMA welding. This can easily cause 
contamination of the tungsten and weld metal and to avoid this high frequency are 
ignition is often used in most equipment to initiate the arc, however high frequency may 
cause interference with hi-tech electrical equipment and computer systems. To overcome 
this Lifi arc has been developed where the electrode is touched onto the plate and is 
withdrawn slightly. An arc is produced with very low amperage, which is increased to 
full amperage as the electrode is extended to the normal arc length. In contrast with other 
arc processes the filler wire is added directly into the pool separately by the welder, 
which requires a very high level of hand dexterity and artisan craft skill from the welder. 
Orbital TZG welding is a mechanised adaptation of the process for welding tubedpipes. 
TIG is a far more complex process than MMA with more variable parameters to adjust 
and parts to check and therefore more inspection points for the inspector to meet. 
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Tungsten Inert Gas Welding 
Basic Equipment Requirements 

1) Po~ver source Tran~former/Rectifier~ (Constant Amperage type) 

2) Inverter power source 

3) Power control panel 

4) Power cable hose 

5) Gas flow-meter 

6) Tungsten electrodes 

7) Torch assemblies 

8) Power return cable 

9)  Power Control panel. (Amperage & polarity) 

10) Welding visor with correct filter glass rating 

A leegulated inert gas s9c'ppb is e~lfs,an i.equiivdj:>-~r r%zis process 

Weldins Inspection of Steels WIS 5 11.2 
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The TIG Torch Head AssembPy 

1) Tungsten electrodes 

2) Spare ceramic shield 

3) Gas lens 

4) Torch body 

5) Spare ceramic shield 

6) Gas diffuser 

7) Split copper collett. (For securing the tungsten electrode) 

8) Onloff or latching switch 

9) Tungsten housing 

Welding Inspection of Steels WIS 5 
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Variable Parameters 

1) Arc Voltage 
The Arc voltage of the TIG welding process is variable by the type of gas being used, and 
changes in arc length as in MMA and soundness of the connections. 

2) Current & Polarity 
The current is adjusted proportionally to the diameter of the tungsten being used. The 
higher the level of the current, then the higher is the level of penetration and fusion that is 
obtained. 

The polarity used for steels is always DC -ve as most of the heat is concentrated at the + 
pole in TIG welding. This is required to keep the tungsten as cool as possible during 
welding and maximises penetration. AC is used when welding aluminium and its alloys. 

3) Tungsten type, sue and vertex angle 
The tungsten diameter, type of tungsten, and vertex angle, are all critical factors 
considered as essential variables of a welding procedure. The most common types of 
tungsten used are thoriated or ceriated for DC and zirconiated with AC (aluminium 
alloys) Available shelf sizes range from 1.6 - lOmm 0 though 1.6 2.4 and ?.2mm 0 are 
more cotnmouly used. The vertex angle of the tungsten is often a procedural parameter 
and therefore grinding needs to be a very controlled activity that should always be carricd 
out on a dedicatedgriPzding wheel. The vertex angle is measured as shown below. 

Too fine an angIe w ~ l i  promote. 

/ 
melting of the tungsten t ~ p  

e: 
The tungsten vertex angle 8 en weld~ng aluminium alloys with - 

V d  AC, the tungsten end is chafeiod. and 
forms a ball end during welding. 

4) Gas type and flow rate 
Generally 2 types of pure gases are used for TIG welding; namely argon and helium, 
though nitrogen is sometimes added for welding copper and hydrogen additions may he 
made for austenitic stainless steels (increasing welding speed). The gas flow rate is a 
further essential variable of the welding procedure. This will change on joint type and 
welding position and gas type. TIG gases are produced in purity of 99.99% and though 
argon is cheaper than helium and has higher density than air, it has lower ionisation 
potential giving a relatively slrallow penetration. Helium is more expensive than argon 
and has a lower density than argon and air but with a higher ionisation potential giving 
higher penetration and a hotter arc. This means practically that due to the density factor 
the flow rate of helium must be increased in the down-hand position and argon increased 
in the overhead position for a similar joint design in order to maintain adequate gas cover 
of the weld zone. Argon and helium gases are often mixed to combine the useful 
features of each gas i.e. gas cover and penetration. The fitting of a gas lens is critical in 
avoiding gas turbulence in TIG. 
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5) Slope in and slope out 
Slope in and ?lope out are variables available on some TIG welding equipments, which 
can regulate the current climb and decay. This is very beneficial in avoiding crater pipes 
at the end of weld runs. The slope in and slope out control may be shown on the 
equipment as below 

Slope in 

L O r s '  

During welding it is used to control the rise and decay of the current at the start and end 
of a weld as shown below 

Weld Finish Weld Start 
(Slope out) (Slope In) 

6) Gas cut o f  delay 
The gas cat off delay control delays the gas solenoid shut off time at the end of the weld 
and is used to @?e continued shielding of the solidifying and cooling weld metal at the 
end of a run  it is ofier! used when welding rnzterials that oxidise at high temperatures 
such as stainless and titmi-m al!oys. It may be show:? on the ~weldir~g equipment as 
follows 

/ Gas delay / 

7) Pulsed TIC; welding variables 
The pulse parameters of pulsed TIG are generally adjustable as follows 

Pulse background current c) Pulse peak current 
Pulse duration d) Pulse frequency 

- - . - . -- -- - 
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Important Inspection Points/GReeks when 'FIG Wekding 

1) The Welding Equipment 
A visual check should be made to ensure the welding equipment is in good condition 

2) The Torch Head Assembly 
Check the diameter and specification of the tungsten, the required vertex angle has been 
correctly ground, and that a gas lens has been fitted. Check the tungsten protrudes the 
correct length from the ceramic, the ceramic is the correct type and in good condition. 

3) Gas type and flow rate 
Check the correct gas, or mixture and the flow rate is correct for the given joint design 
and position all given on the approved welding procedure. Check if a Gas lens is fitted. 

4) Current & Polarity 
Checks should be made to ensure that the type of current and polarity are correctly set, 
and that the current range is within that given on the procedure. These values will be 
controlled by the material type, thickness and diameter and type of tungsten being used. 

5) Other Variable Welding Parameters 
Checks should be made for correct angle of torch, arc gap distance, speed of travel and ail 
other essential variables of the process given on the approved welding procedure. 
In mechanised welding checks will need to be made on the speed of the carriage 
mechanism and the speed of the fi!ler wire. Additionally when welding reactive materials 
checks will need to be made on purging or backing gas type and pressures. 

6 )  Safety Checks 
Checks should be made ozr the cuwct?t caqing cap~acilj~ or dlrty cjicie of cquiprrrerli a,)-id 
that ai! clecirical insulation is sownd. Conest extra,ciisn syrems shiiuld he In use i t )  a.voiil 
exposure to ozone and othet toxic fumes. 

A Cheek shoald slways be made to ensure that tine welder is qualified to ~ v d d  the 
procedure being employed. 

Typical Welding Pmperfectie~ns 

1) Tungsten inclusions, caused by a lack of welder skill. too high current setting, 
and/or incorrect vertex angle. 

2) Surface porosity, caused by a loss of gas shield particularly when site welding, or 
incorrect gas flow rate for the joint design and/or welding position. 

3) Crater pipes, caused by poor finish technique or incorrect use of current decay. 

4) Weldlmot oxidation if using insufficient gas cut-off delay or purge pressure when 
welding stainless steels or titanium alloys. 

- 
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Summary of TIGIGTAW: 

Equipment requirements 

A Transformer/Rectifier. (Constant amperage type) 
A power and power return cable. (Ofa suitahle amperage rating) 
An inert shielding gas. (Argon, helium or a mixture) 
Gas hose, flow meter and *gas regulator. (*Correct for gas type andjlow rates) 
Torch (Of a suitable amperage rating) and Tungsten electrode (Of correct 0 u n d  type) 
Collet and ceramic, with gas difhser and gas lens. (Of correct size for the electrode @ 
Method of arc ignition. (H/F, Lijl Arc or scratch star0 
Correct visoriglass, all safety clothing and good extraction 
Optional filler metal to the correct specification. (In rodformfor manual TIG) 

Parameters & Inspection Points 

i )  Amperage 2) Arc Voltage 
3) ACIDC & Polarity 4) Speed of travel 
5) Tungsten grade & diameter 6) Duty cycles 
7) Tungsten vertex angle 8) Connections 
9) Gas type, purity and flow rate 10) Insulalion/extrzction 
l i j Ceramic size and condition ' 2) Condition of all gas hoses 

Typical Welding limperfeetions 

i j Tungsten inclusions 
3) Crater pipes 

Advantages & Disadvantages 

Advantages 

21 Surface porosity 
4) Weld or root oxidation 

Disadvantages 

1) High quality welds 1) High skill factor required 
2) Low inter-mn cleaning 2) Small range of consumable wires 
3) All positional process 3) Protection for site work 
4) Can be mechanised (Orbital TIG) 4) Low Productivity (OF)  
5) Lowest arc process for HZ content 5) Nigh ozone levels 

Welding Inspection of Steels WIS 5 
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WIS 5 Section I I Exercises: 

1) Complete the basic equipment requirements for the TIG processes? 

1. A TransformerIRectifier. (Constant amperage  type) 

2) List 11 further parameter inspection points of the TIG welding process? 

2. A r c  \/,lfaaP 

List 3 further typical imperfections that may be found in TIG welds? 

n. Tungsten Inclusions 2. crnfpr - - PIDO 
I 

3..~& r,t- rBBf n~,* 4. 
I 

4) L.ist 2 further advantages and disadvantages of the TIC welding process? 

Advantages 

I. High Quality Welds 

Disadvantages 

I. High Skill Factor Requi red  

J 
3. r + .  . ,  Tnr <iCo 

b I 1 Y r l  ' - -- 
or& 
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Arc Characteristic for MIG & SAW: 

In MlG/MAG & SAW welding we require different welding equipment than used 
for MMA & TIG as the arc.length is controlled by voltage. 

To achieve this we require a Constant Voltage characteristic power source. 

Constant Voltage VoltIAmp Characteristic 

OCV t 

Welding Amperage 

Small change in voltage = Much larger change in amperage. 

i.e. 2 volts = 100 amps 

When pre-calculating the welding arc voltage from the OCV setting it is considered that 
1-2 Open Circuit Volts are lost for every 100 amps of welding current being used. 

Welding Inspection of Steels WIS 5 
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Metal Inert Gas Welding 

MIG welding was initially developed in the USA in the late 40's for the welding of 
aluminium alloys structures using argon or helium gas shielding. 

Definitions 

MIG 

MAG 

Metal Inert Gas (Using an inert shielding gas i.e. argon or helium) 131 

Metal Active Gas (is. COz Ar!60r or ,W02 mixtures) 135 

GMAW Gas Metal Arc Welding (Describes the MIGIlvIAG process in TJSAj 

FCAW Flux Cored Arc Welding (Describes the flux cored arc process in USA) 114 

Introduction 

The basic equipment requirements of MIG/MAG welding differ from MMA and TIG as a 
different type of power source characteristic is required and a continuous wire (from a 
spool) is supplied at the welding torch head automatically. The shielding gas is supplied 
externally from a separate cylinder and a separate wire feed unit or internal wire drive 
mechanism is also required to drive the wire electrode. 

The arc is struck by short circuit of the wire on contact with the work piece as it is 
driven by the drive rolls through the liner then out through the contact tip. The type of 
metal transfer that occurs is entirely dependant on gas type being used and 
amperage1WFS (Wire Feed Speed) wire diameter used and the voltage set. As the electric 
arc length is fully controlled by the power source and the wire is delivered mechanically 
the process is thus classified as a semi automatic process, which may be used manually, 
mechanised, or fully automated by robotics. Photograph 1 and 2 show the basic process 
components and photograph 3 shows simple mechanisation in the overhead position. 
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Metal Inert Gas Welding 
Basic Equipment Requirements 

Power source. TransformerOtectifier. (Constant Voltage type) 

) Inverter power source. (Mare cornpact ami'portable) 

) Power hose assembly. (Comprising o f  Power cable. Water hose. Gas hose) 

) Liner. (Corvect type & 0 f i r  wire i.e. Steel for steel and neoprene for aluminium) 

) Spare contact tips. (Correct sizefor wire diameter) 

) Torch head assembly. (Of a suitable amperage rating) 

7) Power-return cable & clamp. (Of a suitable amperage rating) 

8) 15kg wire spool. (Copper coaled & uncoated wires) 

9) Power control panel. (OCV Inductance) 

10) External wire feed unit. (Wire feed speedamperage) 

1 1 )  Welding visor. (With correcr.filter glass rating) 

A regccinr'rd irzer:"1, OF ~ I C I ~ V ~  g i ~ s  suppJb: is -6lso oaequimdfor #!?is process 
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The MIGIMAG Wire Drive Assembly 
1) An internal wire drive system 

1) Flat plain top drive roller I 

2) Half groove bottom drive roller 3) Wire guide - 

Welding Inspection of Steels WIS 5 12.4 
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The MIG Torch Head Assembly 

1)  Torch body 

2) Onloff or latching switch 

3) Spot welding spacer attachment 

4) Contact tips 

5) Gas diffuser 

6 )  Spare shrouds 

7) Torch head assembly. (Less the shroudj 
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Immediately on pressing the torch onloff (latching) switch, the following occurs: 

a) The gas solenoid opens and delivers the shielding gas 

b) Tbe wire begins to be driven from the reel and through the contact tip 

C) The contactor closes and delivers current to the contact tip 
d) The water pump circulates the cooling water. (If required) 

Types of Metal Transfer fl 

1 Dip Transfer 
In dip transfer the wire short-circuits the arc between 50 - 200 times/second. This type of 
transfer is normally achieved with C02 or mixtures of COZ or 02 & argon gas + low amps 
& welding volts (< 24 welding volts). Dip transfer is all positional but with a low 
deposition rate, penetration and fusion. This is because of the time when the arc is 
extinguished and only resistance heating takes place. It is mainly used for thin sheet steel 
< 3mm but may also be used for positional welding of thicker sections. The weld metal is 
deposited during the short circuit part of the welding cycle. 

X 2) Spray Transfer 
In spray transfer a continuous arc and fine spray of metal transfer is created. This is 
usually achieved with pure argon or argon COz 520% mixtures and higher amps & volts 
> 26 volts. With steels it is limited to down-hand butts and IWfillet welds but gives 
higher deposition rate, penetration and fusion than dip transfer because of the continuous 
arc hat ing  amd is mainly used for plate > 3 m .  When welding aluminium alloys the 
effect of lower A1 density acting against . the . forces of gravity allows positional welding. 

)( 3) Pulsed Transfer 
Pulse transfer uses pulses of current to fire a single globule of metal across the arc gap at 
a frequency between 50 -300 Pulses/second. Pulse transfer is a development of spray 
transfer, that gives positional welding capability for steels, combined with controlled 
heat input, good fusion, and high productivity. It may be used for all sheet steel thickness 
> Imm but is mainly used for positional welding of steels > 6mm. 
As pulse parameters require extremely fine adjustment Synergic M I G M G  equipment is 
now much more commonly used to control pulse transfer. 

4) Synergic Pulsed Transfer 
Synergic MIGMAG was developed in the 1980's and uses microprocessor control to 
adjust the pulse parameters of the electric arc and maintains optimum conditions for a 
selection of wire type & diameter, material and gas. The microprocessor control will 
change all other pulse parameters automatically and immediately, for any change in WFS 
(Wire feed speed). Equipment may also be used for standard dip, spray and globular 
transfer. Any change in the equipment type require re-approval of the W Q R .  

.( 5) Globular Transfer 
Globular transfer occurs between dip & spray, but is not normally used for solid wire 
MIG-MAG welding but is sometimes used in FCAW. (Flux cored arc welding) 
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Variable Parameters 

1) Wire Feed Speed 
Increasing the wire feed speed automatically increases the current in the wire. 
MIGIMAG wires are generally produced in diameters of 0.6/0.8/1.0/1.2/1.4 & 1.6mm. 

2) Voltage 
The voltage setting is the most important setting in spray transfer as it controls the arc 
length. In dip transfer it also effects the rise of current and the overall heat input into the 
weld. An increase of both WFSlcurrent and voltage will increase heat input. The welding 
connections need to be checked for soundness, as any slack connections will give a hot 
junction where voltage will be lost from the circuit and will affect thecharacteristic of the 
welding arc greatly. The voltage setting will affect the type of transfer achievable but this 
is also highly dependant on the type of gas being used. 

3) Gases 
C02 gas cannot sustain pure spray transfer as ionisation potential of the gas is high, 
because of this and the voltage required to maintain any electric arc in C02 gas it does 
give good penetration, however the arc remains unstable with lots of spatter. Argon has a 
much lower Ionisation potential and can sustain spray transfer above 24 welding volts. 
Argon gives a very stable arc and little spatter, but lower penetration than C02. We mix 
both argon and C02 gas in mixtures of between 5 - 20% C02 in argon to get the benefit 
of both gases i.e. good penetration with a stable arc and very little spatter. C02 gas is 
much cheaper than argon or its mixtures. I-2% Oz or C02 in Argon is generally used 
when wcliling austcnitic or ferntic stainless sieels to increase the weid metals fluidity. 

4) Inductance 
Inductance causes a backpressure of voitage to occur in the wire and operates orily when 
there is a changing current value. In dip transfer welding the current rises as the electrode 
short circuits on the plate and it is then that the ind~rctance resists the rapid rate of rise of 
current at the tip of the electrode. This has a main effect in reducing levels of spatter. 

Important Inspection Points/Cbecks when MIGIMAG Welding 

1) The Welding Equipment 
A visual check should be made to ensure the welding equipment is in good condition. 

2) The Electrode Wire 
The diameter, specification and the quality of the wire are the main inspection headings. 
The level of de-oxidation in the wire is also important with normally Single, Double & 
Triple de-oxidized wires being available for most CfMn steels. The level of deoxidation 
is an important factor in minimising occurrence of porosity in the weld, while the quality 
of copper coating, wire temper & winding are important in reducing wire feedproblem. 

Quality of wire windings and increasing costs 

(a) Random wound. (b) Layer wound. c) Precision layer wound. ' 
-. 
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3) The Drive Rolls and Liner 
Check the drive rolls are of the correct size for the wire and that the pressure is only hand 
tight or just sufficient to drive the wire. Any excess pressure will deform the wire to an 
ovular shape. This will make the wire very difficult to drive through the liner and result in 
arcing in the contact tip and excessive wear of the contact tip and liner. Check that the 
brake is also correctly tightened to stop over feed of the wire from the inertia of the spool. 
Check that the liner is the correct type and size for the wire, a size of liner will generally 
fit 2 sizes of wire i.e. (0.6 & 0.8) (1.0 & 1.2) (1.4 & 1.6) mm diameter. Steel liners are 
used for steel wires and Teflon or neoprene liners for aluminium wires. 

4) The Contact Tip 
Check that the contact tip is the correct size for the wire being driven also check the 
amount of wear frequently. Any loss of contact between the wire and contact tip will 
reduce the efficiency of current pick. Most steel wires are copper coated to maximise the 
transfer of current by contact between 2 copper surfaces at the contact tip and it also 
inhibits corrosion. The contact tip should also be replaced fairly regularly. 

5) The Connections 
The length of the electric arc in MIGMAG welding is controlled by the voltage settings. 
This is achieved by using a constant voltage volt/amp characteristic inside the equipment. 
Any poor connection in the welding circuit will affect the length, nature and stability of 
the electric arc, and is thus a major inspection point in this process. 

6 )  Gas bPL Gas Flow Rate 
The type of gas used is extremely irnpofia~~t toe MIGIMitG weiding as is the flow rate 
from the cylinder, which must be adequate to give good coverage over the soiidithg and 
molten metal; avoiding oxidation and porosity. Excessive gas flow will create tulbtiience. 

7) Other Variable Welding Parameters 
Checks should be made for correct WFS voltage, speed of travel. plus all other essentiai 
variables of the process given on the approved welding procedure. 

8) Safety Checks 
Checks should be made on the current carrying capacity or duty cycle of equipment and 
electrical insulation. Correct extraction systems should be in use to avoid exposure to 
ozone and fumes. 

A check should always be made to ensure that the welder is qualified to weld the 
procedure being employed. 

Typical Welding Imperfections 

1)  Silica inclusions (On fenitic steels only) caused by poor inter-run cleaning 
2) Lack of sidewall fusion mainly during dip transfer using excessive inductance 

3) Porosity caused from loss of gas shield and low tolerance to contaminants 
4) Burn through from using the incorrect metal transfer mode on sheet metals 

~- 
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Advantages of Flux Cored Arc Welding 

In the mid 80's the development of Self-hield 114 and Dual-shield FCAW 1461147 was 
a major step in the successfir1 application of on-site semi automatic welding that has also 
enabled a much wider range of materials to be welded. The wire consists of a metal 
sheath containing a granular flux. The flux may contain many elements and compounds 
normally used in MMA electrodes and also has good positional welding capability thus 
the process has found popularity in industry on a wide range of fabrication applications. 

Gas producing elements and compounds may be added to the flux core thus the process 
can become independent of any separate gas shielding, which had restricted the use of 
conventional MIGMAG welding in field applications. "Dual Shield" wires obtain gas 
shielding from a combination of both compounds in the flux and a separate shielding gas. 

Most wires are sealed mechanically and hermetically with various forms of joint. The 
effectiveness of the joint of the wire is an inspection point of cored wire welding 
particularly with wires containing basic fluxes as moisture can easily be absorbed into a 
damaged or poor seam. It is sound practise when using basic cored wires to discard the 
first meter of a new reel if any doubt remains about its storage history as any moisitre 
can be freely absorbed up through the core of flux if incorrectly stored. The baking of 
cored wires is ineffective and will do nothing to restore the condition of a contaminated 
flux within a wire. 

A further advantage of fluxed cored wire welding is that it produces very high !evels of 
penetration. This is achieved via the high amount of current density in the wire, or in 
other words the amount of current carried in the available CSA of the conductor. This 
x e a  is very small in flux-cored wires in comparison with ofher welding processes as is 
shown below. The higher the current density then the higher is the penetration fsctor. 

The amperage values given are e l  for eoch process and wire diameter only: 

MMA Electrode 

3.25 mm 0 
@, 125 Amps 

Solid MIG Wire SAW Wire Flux Cored Wires 

1.2 mm 0 3.25 mm 0 2.0mm 0 @ 180 Amps 
@, 180 Amps @ 650 Amps Metallic sheath 

carrying the current 
. . . . .  . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . .  . . . . . .  . . . . .  

Flux core centre 

r 
Increasing Current Density & Penetration Power 

~. 
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\ -  , 
Summary of Solid Wire MIG/NIAG GMAW qi,* \/ 

Equipment requirements 

A TransformerRectifier. (Constant voltage type) 
A power and power return cable. (Of a suitable amperage rating) 
An Inert, active, or mixed shielding gas. (Argon. COz or mixture) 
Gas hose, flow meter, and *gas regulator. (*Correctfor gas type andflow rates) 
MIG torch (Of a suitable amperage rating) hose package, diffuser, contact tip & shroud 
Wire feed unit with drive rolls and liner. (Correct drive roll and liner size for wire 0) 
Electrode wire to correct specification and diameter. ('lkg or 15kg spoo!J 
Correct visorlglass, all safety clothing and good extraction 

Parameters & Inspection Points 

1) WFSIAmperage 2) OCV & Welding voltage 
3) Wire type & diameter 4) Gas type & flow rate 
5) Contact tip size and condition 6 )  Roller type, size and pressure 
7) Liner size 8) Inductance settings 
9) Insulationlextraction 10) Connections. (Voltage drops) 
11) Duty cycles i2) ''ravei speed, direction & argles 

1 )  Silica inclusions 
3) Surface Porosity 

Advantages & Disadvantages 

Advantages 

Lack offision. (Mainiy dip transfir) 
Bum through. ek ing  ~prcry jbr sheet) 

1) High productivity. (OIF) 1) 
2) Easily automated. (Robotics) 2) 
3) All positional. (Dip &Pulse) 3) 
4) Wide material thickness range 4) 
5 )  Continuous electrode 5 )  

Disadvantages 

Lack of fusion. (Excessive inductance) 
Small range of solid wires 
Protection for site working 
Complex equipment 
High ozone levels 

, . ~ ~  - 
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WIS 5 Section 12 Exercises: 

1) Complete the basic equipment requirements for the MIGMAG processes? 

1. A TransformerIRectifier. (Constant voltage t y ~ e )  

2) List 11 further parameter inspection points of the MIGNAG welding process? 

1. A m p e r a g e m i r e  Feed Speed 2. 

3) List 3 further typical imperfections that may be found in MIG/MAG welds? 

I. Silica Inclusions 

4 )  List 2 further advantages and disadvantages of the MIGMAG welding process? 

Advantages Disadvanta~es 

1. High Productivitv (OIF) 1. L a c k  of Fusion (Excessive Inductance) 
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Submerged Arc Welding: 

SAW or Submerged arc welding was developed in the Soviet Union during the 2nd 
world war as an economical means of welding thick steel sections. 

Definitions 

Submerged Arc Welding (UK) 121 
SAW (USA) 

Pnti-oduction 
This welding process is norinzli:~ mechanised and uses both constant voltagelcurrent 
power sources. As amperages range kom 100 to over 2,000 amps this process has a very 
high current density in the wire with deep penetration and dilution into base metal. 

The are is struck in the same manner as IMIG and is generally aided by the linear 
movement ofthe electrode tip across the surface of the run on tab though HIT arc striking 
is also possible on some equipment. As its name suggests the arc is submerged beneath a 
covering of flux that is of granular nature. 

The process is restricted in position and is generally used for thickness of over 1Omm. 
Run-on and run-off tabs are normally used on welded seams as this allows the welding 
arc to settle to its required conditions prior to the commencement of the actual welding 
seam and the run off plate compensates for this condition at the end of the weld. Both 
plates are removed after the weld seam has been completed. The arc is normally formed 
as the point of the wire comes into moving contact with the plate. The flux blanket helps 
to protect the arc from the atmosphere and decomposes in the heat of the arc to form a 
gaseous protective shield, adding any alloying elements and de-oxidants that are 
contained in the flux compounds. The flux also produces a slag that forms a protective 
barrier to the cooling weld in a similar manner to a MMA flux. 

Photograph 1 shows a stationary SAW head with rotated pipe and 2 shows a motorised 
tractor unit. Photograph 3 shows a mobile (hand guided) carriage assembly that is being 
used for welding deck plates. 

-- 
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Submerged Arc Welding 
Basic Equipment Requirements 

Welding carriage control panel 

Welding carriage assembly - 
Reel of wire 

Granulated flux 

Transformer rectifier 

Power source control panel 

Power return cable. (Of a suitable amperage rating) 

Flux hopper (With deliverylr, 

A full SAW welding head assembly (b) with contact tube & wirelflux delivery mechanisms 
is an essential equipment requirement of the SAW process. This may be carried on a 
motorised tractor unit. (As shown in a) Alternatively booms and manipulators may be used. 
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Immediately on pressing the switch, the following occurs: 

a) The flux is released forming a layer beneath the torch head 

b) The wire begins to feed and strikes the arc 

C) The contactor closes and delivers current to the contact tip 

d) The tractor begins to move (If mechanised) 

Because of the nature of the granular flux the use of Submerged Arc Welding for 
positional welding has been restricted to the flat position. However, the process has been 
continually developed and is now capable of certain degree of positional welding with an 
addition of some simple extra equipment. (i.e. flux dams) Limitations exist other than the 
positional capability of the SAW process such as material thickness generally > 10 mm t 
and when full penetration welds from one side are required without the use of a backing 
bar or backing strips. (The use of a backing bar is shown on page 13.5) 

One common application of SAW is in the welding of "spirally weldedpipe" where a 
fixed unit is stationed inside the pipe for the internal seam with an additional fixed unit 
placed on the top of the pipe for the outer seam resulting in a full penetration weld. 

Other factors that should be taken into consideration are the toughness requirements of 
the joint as the arc energy input is comparatively high. Arc blow can also be a major 
problem as magnetic field strength is proportional to the current and with currents in 
SAW commonly >1,500 amps arc blow is not uncommon. It can be minimised by the use 
of tandem wire systems. (Leading wire on DC+ and the trailing wire on AC producing 
opposing magnetic fie!dsj The use of double or inziti rvn techniqrles a'lse has el'kcts u : ~  
properties cfboth weld mda! and HAZ. . . 

The restritant SAW weld metal composition is ofien difficult to predict as the weld is 
made up from 3 elements. A typical set of values is given below but this can c b a ~ g t  
critically with small changes in the welding parameters. 

I) The Electrode. (25%) 

? 3) Dilution. (60%) 

~~ ~ ---- ~ ~- 

SAW Weld Metal Analysis 

I 

2) Elements in the flux. (15%) 

The proportion of these elements in the final weld deposit will vary depending on the 
welding parameters set and a variation in arc voltage will change the arc length and 
thus affect the amount of flux being melted and overall % of alloying elements in the 
final weld. 

I 

joy' 
102 i 
LO 3-1 

I -- 
~ ~~ 
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Variable Parameters 

1) Wire Feed Speed 
Increasing the wire feed speed automatically increases the current in the wire. The 
density of the current in the wire is dependant on the cross section area of the wire. The 
higher the density of the current then the higher is the level of penetration and fusion that 
is obtained. 

2) Voltage 
The Open Circuit and welding arc voltages arc critical variables in any SAW WPS 
affecting bead shape and penetration profile. The arc voltage also governs arc length 
beneath the flux layer and any changes in arc length will radically alter weld metal 
composition mainly due to changes in elements from the flux being alloyed into the weld. 
Any changes in weld metal composition may in turn alter the mechanical properties, thus 
great care should always be taken in ensuring tight connections of all welding cables. 

3) Electrode stick out 
This variable parameter is the value of distance of the welding head assembly from the 
work surface. It has an affect on welding amperage, as power will be consumed in the 
resistance heating of the wire from the tip of the contact tip to the end of the wire. The 
electrode stick out value should be given (in metric mm or imperial inches) on the WPS. 

4) Flux depth 
The flux depth is contsoIled by the flux feed rate and the distance from the feeding head 
to the wrork ~UI-face. The fl~ix depth needs to he sufficiently high lo cover the arc, though 
too high a. flux depth may also cause prohiems in the weld. 

5) Trxvel Speed 
As SAW is most ofici~ a mechanised process the travel speed can be considered as an 
important variable parameter affecting penetration and bead profi!e. The correct travel 
speed for the joint should be given on the approved welding procedure specification 
sheet. 

Important Inspection PointsIChecks when Submerged Arc Welding 

1) The Welding Equipment 
A visual check should be made to ensure the welding equipment is in good condition. 

2)  The Welding Head Assembly & Flux Delivery System 
Checks should be made that the diameter, specification of the electrode wire and the 
specification and mesh size of flux being used is correct to the approved WPS. 
Checks should be made that the drive system has correct roller diameter and contact tip 
fitted and that the flux delivery system is operational. A check also should be made that 
the electrode stick out dimension is correct, and if using run on and run off plates that 
these are fitted and tacked in place correctly. 
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3) Current & Polarity 
Checks should be made to ensure that the type of current being used is correct and if DC 
that the polarity is correct and that the current range is within that given on the 
procedure. Multi wire welding may use both types of current i.e. DC + leading wire with 
an AC trailing wire as this improves welding times and offsets the effects of "arc blow" 
If using multi wire process the angle of the trailing wire must also be checked. A11 
parameters should be given on the approved WPS. 

4) Other Variable Welding Parameters 
Other procedural parameters may include the use of backing bar or backing strips 
particularly when welding from a single side. In addition to the inspection points 
mentioned previously checks should also be made to ensure that all weldicg parameters 
should be within those given on the WPS. 

(A) A typical single sided weld preparation for SAW with use of a backing bar to control 
the effects of high levels of weld penetration with the process. 

(B) A single sided h l l  penetration weld without the use of a backing or sirip, the root 
run, hot pass and a number of filling runs would be put in using TIC MMA or MIG 
to allow for a sufficient base prior to using the Submerged Arc Welding process. 

(C) SAW may also be used in a Narrow Gap type preparation where the included angles 
range between 3-5" and the gap width between 5 - 10 mm. 
Narrow gap welding preparations may also be used with the TIG and MIG welding 
processes, using sgeeialised welding heads and wire delivery systems. 

Single Sided Preparation glornpcrund Narmrv Gap 

with Backing Bar Bevel Preparatian Pre~~aratioii 
Broad root face & no soot gap 4 = ;-5= 

\ The root, hot pass and some of the filler runs 
A permanently welded backing bar are deposited using other welding processes 

5) Safety Checks 
Checks should be made on the current carrying capacity, or duty cycle of equipment, and 
that all electrical insulation is sound. Correct extraction systems should be in use to avoid 
exposure to toxic fumes. 

Typical Welding Imperfections 

1) Porosity mainly from using damp welding fluxes or improperly cleaned plates 
2) Centreline cracks mainly caused by high dilution and sulphur pick up 
3) Shrinkage cavities mainly caused by the high depthiwidth ratio weld profile 

4) Lack of fusion mainly caused by arc blow or poor tracking on double sided welds 
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Effects on weld profile when changing SAW parameters: 

The weld surface/penetration p r o m s  below represent the typical effects of changing SA W 
welding process variable parameter on u specific SA W Single Wire & Flux Combination. 
Optimum parameters for the wire flux combination used are given in the central column. 

4CDC & Polarity: 

325 Amps 450 Amps 575 Amps 

weld Gldth I 
Arc Voltage: vo'fyer ,> Ancfrfil;cn 

<i"-- 
22 Volts 

- 
30 Volts 4U Volts 

-p.-"w.-..--- 
i ____- J 

weld width J- 
Travel Speed: 

v c  5pred f => Cop 

0.9 mlminute 0.35 mlminute 0.1 8mlminute 

weld width f 
Electrode Stick-out: f } aP A,,+ 

25 mm 

Any further chnnges in welding technique &/or wire 0 &/or + wireflux combintrtion will 
also greatly effect the levels of penetration achievable &/or surface weld profile shown. 
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Summary of Sub Arc Welding: ' h x  )! 

Equipment requirements 

A TransformeriRectifier. (Constant voltage/current type**) 
A power and power return cable. (Qfa  suitable amperage ratind 
A torch head assembly. (Ofa suitable amperage rating) 
A granulated flux of the correct typelspecification and mesh s i x  
A flux delivery system 
A flux recovery system 
Electrode wire to correct specification and diameter 
Correct safety clothing 

Parameters & Inspection Points: 

1) AC/DC WFSIAmperage 2) OCV & Welding Voltage 
3) Flux type and mesh size 4) Flux condition. (Baking etc) 
5) Electrode wire and condition 6) Wire specification 
7) Flux deliverylrecovery system 8) Electrode stick-out 
9) Insulatiodduty cycles 10) Connections 
11) Contact tip sizelcondition 12) Speed of travel 

i ) Shtimkage cavities (.High d u g  
3) Lack of fusion (Arc Blovvj 

Advantages & Disadvantages 

Advantages 

t Solidification cracks {Nigh % diiuiion) 
) Porosity 

Disadvantages 

1) Low weld-metal costs I )  Restricted in positional welding 
2) Easily mechanised 2) High probability of arc-blow. (DC+I-) 
3) Low levels of ozone production 3) Prone to shrinkage cavities 
4) High productivity. (OIF) 3)  Difficult penetration control 
5 )  No visible arc light 5 )  Relatively high equipment costs 

** Constant voltage power sources are mainly used for all wire diameters, though 
constant amperage power sources may be optionally used for larger diameter wires. 
Constant voltage power sources are far more commonly used in Submerged Arc Welding. 
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WIS 5 Section 13 Exercises: 

1) Complete the basic equipment requirements for the SAW proccsscs? 

1. A TransformerIRectifier. (Tywe may varv with wire OX") 

1 Wliilbkfd %q=g. ~ d . ~ ,  

2) List 11 further parameter inspection points of the SAW welding process? 

3) List 3 further typical imperfections that may be found in SAW welds? 

Crack !ti 1. Shrinkace Cavities $h /. d;/di~", 
3. I n c h  nf ft1- 

- 
-. - i 4.32-447 

4) List 2 further advantages and disadvantages of the SAW welding process? 

Advantages Disadvantages 

I. Low Weld Metal Costs 1. Restricted in Position 

-. 
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Welding Consumables: 

Welding consumables are defined as all that is used up during the production of a weld. 

This list could include all things used up in the production of a weld, however we 
normally refer to welding consumables as those items used up by a particular welding 
process. 

These are namely 

Electrodes Wires Fluxes Gases 

When inspecting welding consumables arriving at site it is important that they are 
inspected for the following: 

1) Size 
2) Type or Specification 
3) Condition 
4) Storage 

The checking of suitable storage conditions for all consumables is a critical part of the 
welding inspectors duties. 

- 
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Consumables for MMA Welding 

Welding consumable for MMA consist of a core wire typically between 350 and 450mm 
length and from 2.5 - 6mm diameter. Other lengths and diameters are also available. The 
wire is covered with an extruded flux coating. The core wire is generally of low quality 
steel (Rimming Steel) as the weld can be considered as a casting and therefore the weld 
can be refined by the addition of cleaning or refining agents in the flux coating. The flux 
coating contains many elements and compounds that all have a variety of jobs during 
welding. Silicon is mainly added as a de-oxidising agent (in the form of Ferro silicate), 
which removes oxygen from the weld metal by forming the oxide Silica. Manganese 
additions of up to 1.6% will improve the strength and toughness of steel. Other metallic 
and non-metallic compounds are added that have many functions, some of which are as 
follows: 

To aid arc ignition 
To improve arc stabilisation 
To produce a shielding gas to protect the arc column 
To refine and clean the solidifying weld-metal 
To form a slag which protects the solidifying weld-metal 
To add alloying elements 
To control hydrogen content of the weld metal 
To form a cone at the end of the electrode, which directs the arc 

Electrodes for MMMSMAW are grouped depending on the main constituent in their flux 
coating, which in turn has a major effect on the weld properties and ease of use. The 
common groups are given below: 

Some basic electrodes may be tipped with a carbon compound, which eases arc ignition. 

Group 
Rutiie 
Basic 
Cellulosic 

-- 
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Constituent 
Titania 

Calcium compounds 
Cellulose 

Shield gas 
Mainly COz 
Mainly C02 

Hydrogen + COz 

Uses 
General purpose 

High quality 
Pipe root runs 

AWS A 5.I 
E 6013 
E 7018 
E 6010 
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.......... ...... ...& -.. 
". , , 

A Typical Electrode Specification, $0 RS EN 499; 
................. 

Positional capabilities 

Flux coating type 

Toughness 47 Joules 

Electrode 

Any light alloying composition 

Electrical parameters and eff~ciency 

Low Hydrogen Potential (After Baking) 

A Typical Electrode Specification to AtVS A5.1 & 85.5 

Positional Capabilities 

Electrode 

Tensile Strength x 1000 P 
Electrode Coating & 

Electrical Characteristics 

AWS A5.5 for Low Alloy Steels 
~~~ 

Welding Inspection of Steels WIS 5 
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A Typical BS EN 499 Specification E 
Reference given in box letter: 

2.0 
None 

E) Electrical characteristic + recovery % 
Symboi / Recovery % I Current type 

8 > 160 I dc I 
G) Hydrogen Content of 

, ,  , . .  

B) Toughness at m i n i m 7 1  

F) Welding position 
Symbol 

All positions 
All positions except 

Fillets. 
I 

4 1 Flat Butt & Fillets 
5 I Vertical Down + 

positions of symbol 3 

The strength, toughness, coating plus any light alloying elements of BS EN 499 (If 
applicable) are the mandatory elements of information that shall be shown on all 
electrodes. All other information is normally given on the electrode carton. 

. ~ 

deposited weld metal 
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Symbol 

H 5 
H 10 
H 15 

Max Hz Content 
m1/100mgm 

5 
10 
15 
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A Typical AWS A5.1 & A5.5 Specification E 80 1 8 G 
Reference given in box letter: A) B) C) (D For A5.5 only) 

B) Welding Position 
1 All Positional 
2 Flat butt & H N  Fillet Welds 

Note: Not all Category 1 electrodes can 
weld in the VerticalDown position. 

C) Electrode Coating & - 
~lectr ical  Characteristic 

Code 
E xxlO 
E xx l l  
E ax12 
E xx13 
E xx14 
F: xx15 

0.2%Mo or/& 0. I %V 
For G only 1 element is required 

I 
D) AWS A5.5 Low Alloy Steels 

- - -- 

E xx18 
E xx20 
E xx24 
E ax27 
E xx28 

The above tables giving data for BS EhV 499. AWS A5.1 and A5.5 arc not fully complete and are 
also subject to periodic changes. Thus latest revisions of the relevant standard should always be 
consulted for full and up to date electrode classification and technical data. 

Symbol 
A1 - 
B1 
B2 
B31 

B4 
T i  

C1 

Coating 
Cellu1osic/Organic 
Cellulosic/Organic 

Rutile 
Rutile + 30% Fe Powder 

Rutile 
Basic 

Rev 09-09-05 Copyright O 2005 TWT Ltd 

Approximate Alloy Deposit 
0.5% Mo 

m r  + 0.5% Mo 
1.25% Cr + 0.5% Mo - 
2.25% Cr + 1 .0% Mo 
2.0% Cr + 0.5% Mo 
0.5% Cr + 1 .0% Mo 

pp 

2.5% Ni 

Current type - 
DC + only 

AC or DC + 
AC or DC - 

AC or DC +I- 
AC or DC +/- - 

DC + onlv 

Basic + 25% Fe Powder 
High Fe Oxide content 

Rutile + 50% Fe Powder 
Mineral + 50% Fe Powder 
Basic + 50% Fe Powder 

AC or DC + 
AC or DC +I- 
AC or DC +/- 
AC or DC +I- 
AC or DC + 
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Inspection Points for MMA Consumables: 

Wire diameter & length 

2) Condition Cracks, chips & concentricity 

All electrodes showing signs of the effects of corrosion should be discarded. 

3) Type (Specification) Correct specificationlcode 

4) Storage Suitably dry and warm 
(Preferably 0% humidity) 

Checks should also be made to ensure that basic electrodes have been through the 
correct pre-use procedure. Having been baked to the correct temperature (typically 300- 
350°C) for 1 hour and then held in a holding oven (150 OC max) before being issued to 
the welders in heated quivers. Most electrode flux coatings will deteriorate rapidly when 
damp and care should be taken to inspect storage facilities to ensure that they are 
adequately dry and that all electrodes are stored in conditions of controlled humidity. 

Vacuum packed electrodes may be used directly from the carton, only if the vacuum has 
been maintained. Directions for hydrogen control arc always given on the carton and 
should be strictly adhered to. The cost of each electrode is insignificant compared with 
the cost of any repair thus basic electrodes that are left in the heated quiver after the 
day's shift may potentially be re baked but would normally be discarded to avoid the risk 
of Hz induced problems. 

- 
Welding Inspection of Steels WIS 5 14.6 TWI WORLD CENTRE FOR 

Section 14 Arc Welding Consumables MAIXRIAL S JOMWG 

Rev 09-09-05 Copyright O 2005 TWI Ltd WJ l LCHNOl OGY 



TWI 
W I I  THE WELDING INSTI'TUTE 

Consumables for TIG Welding 

Consumables for TIGIGTAW consist of a wire and gas though tungsten electrodes may 
also be grouped in this. Though it is considered as a non-consumable electrode process 
the electrode is consumed by erosion in the arc and by grinding and incorrect welding 
technique. The wire needs to be of a very high quality as nonnally no extra cleaning 
elements can be added into the weld. The wire is refined at the original casting stage to a 
very high quality where it is then rolled and finally drawn down to the correct size. 

It is then copper coated and cut into l m  lengths when a code is then stamped on the wire 
with a manufacturer's or nationally recognised number for the correct identification of 
chemical composition. A grade of wire is selected from a table of compositions and wires 
are mostly copper coated which inhibits the effects of corrosion. Gases for TIGIGTAW 
are generally inert and pure argon or helium gases are generally used for TIG welding. 
The gases are extracted from the air by liquefaction where argon being more common in 
air is thus generally cheaper than helium. 

In the USA helium occurs naturally thus it is the gas is more often used in the USA. 
Helium gas produces a deeper penetrating arc than argon, but is less dense (lighter) than 
air and needs 2 to 3 times the flow rate of argon gas to produce sufficient cover to the 
weld area when welding down-hand. Argon on the other hand is denser (heavier) than air 
and thus less gas needs to be used in the down-hand position. Mixtures of argon and 
helium are often used to balance the properties of the arc and the shielding cover ability 
of the gas. Gases for TIGIG'rAW need to he of the highest purity (99.99% pure). Carefi~i 
attention and inspection should be given to the purging of and the conditicn of gas 
hoses, as it is very possible that contaniination of the shielding gas can be mzde through 
a worn or withered hose. 

Tungsten electrodes for TIG welding are general!y produced by powder forging 
technology. The electrodes contain other oxides to increase their conductivity and 
electron emission and also effect on the characteristics of the arc. Sizes of tungsten 
electrodes are available off the shelf between 1.6 - IOmm diameter. Ceramic shields may 
also be .considered as a consumable item as they are easily broken, the size and shape of 
ceramic depending mainly on the type ofjoint design and the diameter of the tungsten. 

A particular consumable item that may be used during the TIG welding of pipes is a 
fusible insert often referred to as an EB Insert after the Electric Boat Co' of USA who 
first developed it. The insert is normally made of matching material to the pipe base 
metal composition and is hsed into the root during welding as shown below. 

Before welding Inserted After welding Fused 
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Consumables for MIG/MAG Welding 

Consumables for MIGJMAG welding consist of a wire and gas. The wire specifications 
used for TIG welding are also used for MIGMAG welding as a similar level of quality is 
required in the wire. 

The main purpose of the copper coating of steel MIG/MAG welding wire is to maximise 
current pick-up at the contact tip and reduce the level of coefficient of friction in the liner 
with protection against the effects of corrosion being a secondary function. 

Wires are available that have not been copper coated as the effects of copper flaking in 
the liner can cause many wire feed problems. These wires may be coated in a graphite 
compound, which again increases current pick up and reduces fkiction in the liner. Some 
wires including many cored wires are nickel coated. 

Wires are available in sizes from 0.6 - 1.6 nun diameter with finer wires available on a 
lkg reel though most wires are supplied on a 15kg drum. 

Common gases and mixtures used for MIG/MAG welding include: 

Gas Type 1 Process I Used for Characteristic 
Spray or Pulse I Very stable arc with 

Argon + 
5 - 2Q% C02  M A G  

/  eld ding of Steels and 
1 ~ , ~ u m j n i m  alloys -- 
I 
! Dip Transfer 1 welding of Steels 

Welding of Steels 

1 Spray or Pulse 

poor penetration m d  
low spatter levels. 
Good penetratio~ 
Unstable are and high 
levels of spatter. 
Good penetration 
with a stable arc and 
low levels of spatter. 
Active additive eives 

-- 
Welding Inspection of Steels WIS 5 

Argon -t 
1-2% O2 or GO2 
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MAG -welding of 
Austenitic or Ferritic 
Stainless Steels Onlv 

good fluidity to :he 
molten stainless, and 
improves toe blend. 
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Consumables for Sub Arc Welding 

Consumable for Submerged Arc SAW consist of an electrode wire and flux. Electrode 
wires are normally of high quality and for welding C N n  steels are generally graded on 
their increasing Carbon and Manganese content level of de-oxidation. 

Electrode wires for welding other alloy steels are generally graded by chemical 
composition in a table in a similar way to MIG and TIG electrode wires. Fluxes for 
Submerged Arc Welding are graded by their manufacture and composition. There are 2 
normal methods of manufacture known as fused and agglomerated. 

1) Fused fluxes 

Fused fluxes are mixed together and baked at a very high temperature > 1,000 'C, where 
all the components become fused together. When cooled the resultant mass resembles a 
sheet of coloured glass, which is then pulverised into small particles. 

These particles are hard, reflective, irregularly shaped, and cannot be crushed in the 
hand. It is impossibleto incorporate certain alloying compounds into the flux such as 
Ferro manganese as these would be destroyed in the high temperatures of the 
manufacturing process. Fused fluxes tend to be of the acidic type and are fairly tolerant 
of poor surface conditions, but produce comparatively low quality weid metal in terns of 
the mechanical properties of tensile strength and toughness. They are easy to use and 
produce a good wetd contour with en easily detachable slag. 
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2) Agglomerated fluxes 

Agglomerated fluxes on the other hand are a mixture of compounds that are baked at a 
much lower temperature and are essentially bonded together by bonding agents into 
small particles. The recognition points of these types of fluxes is easier, as they are dull, 
generally round granules that are friable (easily crushed) and can also be coloured. Many 
agents and compounds may be added during manufacture unlike the fused fluxes. 
Agglomerated fluxes tend to be of the basic type and will produce weld metal that is of 
an improved quality in terms of strength and toughness, at the expense of usability as 
these fluxes are much less tolerant of poor surface conditions and generally produce a 
slag that is much more difficult to detach and remove. 

It can be seen that the weld metal properties will result from using a particular wire, with 
a particular flux, in a particular weld sequence and therefore the grading of SAW 
consumables is given as a function of a wirdux  combination and welding sequence. 

A typical grade will give values for: 

1) Tensile Strength 
3) Toughness. (Joules) 

2) Elongation % 
4) Toughness testing temperature 

All consumables for SAW (wires and fluxes) should be stored in 2 dry =d humid free 
atmosphere. The flux manufacturers handlinglstorage instructions/conditions should be 
very strictly followed to minimise any moisture pick up. Any re-use offluxes is totally 
dependant on applicable clauses within the application standard. 
On no account should different types o f  fluxes be mixed together. 
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WIS 5 Section 14 Exercises: 

1) List 4 main inspection points of welding consumables and comment on each 
point in relation to MMA electrodes? 

1. Size: Wire diameter & lenzth of electrodes 

2) Complete the table of general information below? 

3) Indicate the main information given on the electrode below to BS EN 499? 

4) Identify a positive recognition point of a fnsed/agglomerated SAW flux? 

Fused: 
~ n d ; t d ) e *  

Agglomerated: 

I. T 8 1  - . .  +*. - ,  h,~~lhr - <ur& e 

5) Complete the table of information below for MIGlMAG welding Gases? 

1 Gas Type 1 process I Used for 
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Characteristic 

Argon + 
5 - 20% CO, 

6 2  Hrg0lr + 1-21. o MAC 
A L , . F r  ?f&&o.s~ improving the weld toe blend , 

MAG 
Dip Spray or Pulse 
Welding of Steels 

s p r ~ y ,  puisc 

I .  

Good-fibb flrc 
/*be[ of spaffrr 

Givesfluidity td molten stainless 
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Non-Destructive Testing: 

NDT or Non Destructive Testing may be used as a means to evaluate the quality of a 
component by assessing its internal and/or external integrity, but without destroying it. 

There are many methods of NDT some of which require a very high level of skill both in 
application and analysis and therefore NDT operators for these methods require a high 
degree of training and experience to apply them successfully. 

The four principle methods of NDT used are: 

Penetrant testing 

Magnetic particle testing 

Ultrasonic testing 

Radiographic testing 

il welding inspecfor should have a general working knowledge of auN these NDT 
methods, their applications, advantages and disadvantages. 

NDT operators are examined to establish their level of skill, which is dependant on their 
knowledge and experience, in the same way as welders an6 welding inspeciors are 
examined and tested to establish their level of skill. 

Various examination schemes exist for this purpose throughout the world. In the UK the 
CSWIP and PCN examination schemes are those that are recognised most widely. 

A good NDT operator has both knowledge and experience, however some of the above 
techniques are more reliant on these factors than others. 
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Penetrant Testing 

Basic Procedure 

1) The component must be thoroughly cleaned and have a smooth surface f d s h  

2) Penetrant is applied and allowed to dwell for a specified time. (Contact time) 

3) Once the dwell or contact time has elapsed, the excess penetrant is removed by 
wiping with a clean lint free cloth, finally wiped with a soft paper towel moistened 
with liquid solvent. (Solvent wipe) 

4) The developer is then applied, and any penetrant that has been drawn into any 
defect by capillary action will be now be drawn out by reverse capillary action 

5) A close inspection is made to observe any indications (bleed out) in the developer 

6) Post cleaning and protection 

Method (Colour contrast, solvent removable) 

I)  Apply Penetrant 

k Advantage 

1) Low operator skill level 

2) Used on non-ferromagnetic 

3) Low cost 

2) Clean then apply Developer 3) Result 

4) Simple, cheap and easy to interpret 

5) Portability 
-- 
Welding lnspectjon of Steels WIS 5 15.2 
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k Disadvantages - 
0 -4 
9 6 

1) Careful surface preparation 3 
J 71 - 
%% 

2) Surface breaking flaws only 
7 %- $ x  3) Not used on porous material q 2 

4) No permanent record 

3 
5) Hazardous chemicals + - .  
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MATERIALS JOlNING 
ICHNOLO<'Y 



TWI 
lz!!2iI THE WELDING INSTITUTE 

Magnetic Particle Testing 

Basic Procedure 

1) Test method for the detection of surface and sub-surface defects in ferromagnetic 
materials 

2) Magnetic field induced in component. 
(Permanent magnet, electromagnet (Y6 Yoke) or current flow (Prods) 

3) Defects disrupt the magnetic flux 

4) Defects revealed by applying ferromagnetic particles. 
(Background contrast paint may be required) 

Method 

1) Apply contrast paint 2) Apply magnet & ink 3) Result 

Advantage 

1) Pre-cleaning not as critical as with DPI 

2) Will detect some sub-surface defects 

( I - z m h 4  

3) Relatively low cost 

4) Simple equipment 

5) Possible to inspect through thin coatings 5) 

-- 
Welding inspection of Steels WIS 5 15.3 
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Disadvantages 

Ferromagnetic materials only 

Demagnetisation may be 
required 

Direct current flow may 
produce Are strikes 

No permanent record 

Required to test in 2 directions 
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Ultrasonic Testing 

Basic Procedure 

1) Component must be thoroughly cleaned; this may involve light grinding to remove 
any spatter, pitting etc in order to obtain a smooth surface 

2) Couplant is then applied to the test surface. (water, oil, grease etc.) 
This enables the ultrasound to be transmitted from the probe into the component 
under test 

3) A range of angled probes are used to examine the weld root region and fusion faces. 
(Ultrasound must strike the hsion faces or any discontinuities present in the weld at 
90" in order to obtain the best reflection of ultrasound back to the probe for display 
on the cathode ray tube) 

Method 

1) Apply Couplant 2) Apply sound wave 3) Result 

Signal rebound from the 
lack of sidewall fusion 

Couplant Sound probe 
/ / 

f. k? 
Advantage X?o( Disadvantages 

L $3 
&1) Can easily detect lack of sidewall fusion 1) High operator skill level 

7 +, 
r ? ~  
5 2) Ferrous & Non - ferrous alloys 2) Difficult to interpret 
c, 

> 3) No major safety requirements 
2 
%- 4) Portable with instant results 

5) Able to detect and size sub-surface defects 5) 

Q N ;  1h ,3eveImqf +b;/;+I 
Welding Inspection of Steels WIS 5 15.4 
Section 15 Nan-Destructive Testing 
Rev 09-09-05 Copyright O 2005 TWI Ltd 

3 Q 
Requires calibration 

Q - - &  

No permanent record. c 5 .n 
(Unless automated) 

A -2 
0 7 

n 
Not easily applied to complex 9 . 
geometry b" G2- 

e 
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Radiographic Testing 

Basic Procedure 

1) X or Gamma radiation is imposed upon a test object 

2) Radiation is transmitted in varying degrees dependant upon the density of the 
material through which it is travelling 

3) Variations in transmission detected by photographic film, or fluorescent screens. 
(Film placed between lead screens then placed inside a cassette) 

4) An IQ1 (image quality indicator) should always be placed on top of the 
specimen to record the sensitivity of the radiograph 

Method 

a) Load film cassette b) Exposure tn radiation c )  Developed graph 

Developed 
4. Fe 

: source - - 
I graph . *- 

Radioactive 

IQI 

I . / 
Latent, or hidden image Film cassette / 

k XF Advantage )cK X Disadvantages 

1) Skilled interpretation required 1) Permanent record ?' 
V 

9 
2) Most materials can be tested o 

Q, 
2) Access to both sides required 

3) Detects internal flaws -7 " -d P 
n 5 

3) Sensitive to defect orientation 
(Possible to miss planar flaws) \ -  

ic-2-4- 
3 - 

4) Gives a direct image of flaws: % 
0 
T 

5) Fluoroscopy can give real time imaging 

4) Health hazard 

5 )  High capital cost 

.~. 
.- 
Welding Inspection of Steels WIS 5 15.5 W I  WORLD CENI ~t FOK 

I MATERI.%LS JOINING 
.OGY 

section-15  on-~estruetive Testing 
Rev 09-09-05 Copyright O 2005 TW Ltd 



TWI 
DflI TIiE WELDING INSTITUTE 

Summary of Non Destructive Testing: 
-- 

Discipline I Application Advantages Disadvantages 
/ Welds/Castings. I Low operator skill level / Highly clean the material 

Penetrant 
Testing 

Magnetic 
Particle 
Testing 

Ultra Sonic 
Testing 

sides is required. can be tested 
Radiographic All materials. Gamma Can assess penetration in Cannot generally identify 

and X-ray sources of small diameter, or line pipe lack of sidewall fusion*" Testing 1 r7-1 
radiation used. Gamma ray is very portable High safety requirements 

Surface testing on$. 
All materials can he 
tested. Colour 
contrast & florescent. 
WeldsICastings 
Ferrous metals only. 
Wet & Dry inks. 
Yokes. Permanent 
magnets and straight 
current ACIDC 
WeldsICastings. 
One side access. 
Un-favoured for large 
grained structured 
alloys. 
i.e. Austenitic SIS 
Welds/Castiugs. 
Access from both 

All non porous material 
surfaces may be tested 
Low cost process 
Simple equipment 
Low operator skill level 
SurfaceISub surface flaws 

Relatively low cost 
Simple equipment 

Can more easily find lack of 
sidewall fusion defects 
A wide variety of materials 
can be tested 
No safety requirements 
Portable with instant results 
Permanent record of results 
A wide variety of materials 

** To identify planar or 2 dimensional defects such as lack of side wall fusion, or cracks 
etc, the orientation of the radiation beam must be in line with the orientation of the defect 
as shown below, hence if the radiation source is at the centre of the weld then no 
indication of lack of side wall fusion may be shown on the radiograph. 

Surface flaws only - 

Extremely messy 
No permanent record 
Fe magnetic metals only 
De-magnetise after use 
Can cause arc strikes using 
straight current technique 
No permanent record 

High operator skill level 

Difficult to interpret 

Requires calibration 
No permanent record - 

High operator skill level 
Difficult to interpret 

@kc Radiation source 

Lack of 
sidewall fusion, 

\ \ 

\ L,A Radiation beam 
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WIS 5 Section 15 Exercises: 

1) List 5 advantages and 5 disadvantages of each NDT discipline? 

I Discipline I Advantages Disadvantages 

Penetrant 
Testing 

Magnetic 
Particle 
Testing 

Ultra Sonic 
Testing 

2) Briefly state the major limitation of the Radiographic NUT process in terms 
of the orientation and practical observation of internal planar imperfections? 

2 
3 
4 
5 

Radiographic 
Testing 

3) Complete the basic procedure for the Penetrant testing method of NDT? 

1. The component must be thoroughly cleaned with a smooth surface fmish 

2. 

3. 

2 
3 
4 
5 - 

1 
2 

4 
5 

-. 
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Weld Repairs: 

Weld repairs can be divided into two specific axas 

2)  HE-servke repairs 

The Welding Inspector or NDT operator will usually identify production repairs during 
the process of inspection or evaluation of NDT reports to the code or applied standard. 

411 ueavation procedare will need to be produced, approved tird executed. 

NDT should be used to provide coPafrmation aJcoaalp6ede ,ugmovaB of the defect. 

A weldi~ppg repair procedure will need to be M e d  and approved. Wedder 
approvat to the approved repair procedure is normally carried out during the 
repair procedural approval. 

A method of NDT will have to be identified and a procedure prepared to ensure 
that a successful repair has been carried out. 

Final repair weld dressing and post repair procedures that need to be c a ~ i e d  out 
Le. PWWT it may also be a requirement to carry out NDT lrfler BWHT. 

- 
Welding 1nspectio1 of Steels WIS 5 
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As this defect has o c c u ~ e d  in the HAZ the fault could be a problem with either the 
material or the welding procedure, however in this case, and if the approved procedure 
had been exactly followed then no blame can be apportioned to the skill of the welder. 

In this particular case as the defect is open to the heurfacegensaekraiaf testing may be used 
to nccuvaf& gauge the Kength of the crack and to estimate tke depth of the crack. Once 
size and iocation has been determined it should be recorded identified and marked out. 

~. 
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V e  View of defect excavation 
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At this stage NDT should be used to confirm the defect has been completely excavated 
from the area. In the case of the crack Pmetra~nt Testing would most likely be used. 

e) Rewelding ofthe ackevation: 

Prior to re-welding of the excavation a detailed weld procedure will need to be drafted 
and approved by the Welding Engineer. The procedural qualification is often carried out 
by the welder who is to be used on the repair and who then should become approved 
should the procedure become qualified. 

J3 NDT confirmakion ~Jsuccessful repair: 

After the excavation has been filled the weldmeat should then undergo a complete retest 
usi~lg WDT to check no fw-tX.er defects have been introduced d?aing the rep~ir. 

Most in service repairs can be of a very complex nature as the component is iiery likely 
to be in a different welding position and conditions that existed during production. It may 
also have been in contact with toxic or combustible fluids hence a permit to work will 
need to be sought prior to any work being canted out. The repair welding procedure may 
look very different to the original production procedure due to changes in these elements. 

Other factors may also be taken into consideration such as the effect of heat on any 
surrounding areas of the component i.e. electrical components or materials that may 
become damaged by the repair procedure. This may also include difficulty in carrying 
out any required pre or post welding heat treatments and a possible restriction of access 
to the area to be repaired. For Iarge fabrications it is likely that the repair must also take 
place on site and without a shut down of operations, which may produce many other 
elements that need to be considered. Repair of in service defecdfailures may require 
consideration of these and many other factors and as such are generally considered much 
more complex than production repairs. 

- 
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WIS 5 Section 16 Exercises: 

1) List the elements that may need $0 be considered before commencing a repair.! 

1. 

...~ 
--A 

- 
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Residual Stress and Distortion: 

Residual stresses are defined as those stresses remaining inside a material after a process 
has been carried out. The process used is welding, and the stresses are caused by the heat 
of welding producing local expansion and contraction to take place. If a block of metal 
was heated uniformly to a temperature and then cooled under the same conditions no 
stresses would be left in the block, as expansion and contraction is uniform and equal. 

Welding causes un-unifonn heating and cooling conditions to exist and are compounded 
by the fact that the material is increasingly restricted from freedom of movement as the 
welder moves along the welded seam. The stresses that remain in the structure after 
welding are called residual stresses. Residual stresses may compound with applied 
stresses to cause early failure, and may be reduced after welding by heat treatments. 

The stresses caused by local expansion and contractional strain can be a very complex 
pattern in a welded construction, however we can say that they have three basic 
directions. 

Plan View of a welded plate. 

End View of a welded plate. 

-~ 

p~~ ~ -~ . ~~~ -~ 

Short transverse 
. . I -~ . 

One effect of residual welding stress is to change the materials original shape producing 
distortion. Distortion during welding operations is mainly caused by local heating and 
cooling and thus local movement of material through local expansion and contraction. 
This effect can render a product useless unless it is controlled. 

- 
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The degree of distortion occurring is highly dependant on a number of key elements 
including the materials co-effiient of expansion and heat input, though the materials 
natural rigidity and thickness can also play an important part in minimising this effect. 

Distortion, like the overall pattern of residual stresses can be very complex, however we 
can show the three basic directions of distortion shown exaggerated as follows: 

Longitudinal distortion 

Transverse distortion 

Angular distortion 

-- 
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Examples of how insufficient rigidity in welded sheet metal can allow distortion to occlw 
in several directions. 1) A gas welded sheet butt joint. 2) A stainless steel butt joint. 

Any increase in total volume of weld metal will increase the total heat input into a joint, 
increasing local expansion and contraction in the HAZ and directly increasing the visible 
effect of distortion. Extending the included angle of a weld preparation will increase in the 
volume of contracting weld metal. It would also follow that reducing the volume will reduce 
the heat input and also the level of contraction. As the majority of weld volume and thus 
contraction is at the top of the weld preparation this effect and that of reducing the included 
angle in a single sided preparations is shown bebow. As the weldingproress determines the 
value of the included angle any changes may serious& effect the welding process operaitom. 

Preparation angle of 60" - 75" 

Preparation angle of 40" - 60" 

Preparation angle of 0" - 5' 

- - 
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To counteract the effects of expansion contraction and distortion we can carry out one of 
the following techniques: 

Offsetting: 
Offsetting means to offset the plates to a pre-determined angle as in 1&2 a, then allowing 
distortion to take place to the final position of the weld, as shown in 1852 b, below. 

The amount of offsetting required is generally a function of trial & error, but if there are 
many numbers of components to produce it can. be an economical method of controlling 
distortion. 

Back-step Welding and Balance Welding: (Sequence Welding) 
These methods of distortion control use a. specific technique, or welding sequence to 
control thc effects ef'distortion. Examples are shown below: 

Back-step welding a plate butt weld Balance welding of a pipe butt root 

Weld 
\ I A  

Weld 1 from A - B 
Weld 3 from B - C 

Weld 2 from C - D 
Weld 4 from D - A  

- -- - - - 
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CLamping Jigging and Tacking: 

In clamping and jigging, the materials to be welded are prevented from moving by the 
clamp or jig. The advantage of using a jig is that elements in a fabrication can be 
precisely located in the position to be welded and can be a very time saving method of 
manufacturing high volume products. On most occasions the components are accurately 
positioned by the jig and then tacked in position to prevent movement, then the jig is 
removed to allow full access for welding. The use of clumps, jigs, strong backs, 
bridgingpieces, and tack welds will severely restrict any movement of material, and so 
reduce distortion, this however will also increase the maximum amount of residual 
stresses. Pictorial examples of some of these methods are shown below: 

Summary of Residual Stresses & Distortion: 

1) Residual stresses are locked in elastic strain, which is caused by local expansion & 
contraction in the we!d area. 

2) Residual stresses should be reduced from structures after welding as they may 
cause Stress Corrosion Cracking to occur, and can compound with applied s(resses 
They may also affect dimensional stability when machining a welded component. 

, The amount of contraction is controlled by: The volume of weld metal in the joint, 
the thickness, heat input, joint design, and the coefficient of conduction. 

4) Offsetting may be used Lo finalise the position of the joint. 

5 )  If plates or pipes are prevented from moving by tacking, clamping or jigging etc. 
then residual stresses that remain will be of a higher magnitude. 

6 )  The movement caused by welding related stresses is called distortion. 
Oxy-fuel gas Spot Heating may be used in attempting to straighten distorted 
objects, though this will have limited success if the distortion is severe. 

, , The directions of contract ional stresses and distortion are very complex as is the 
amount and type of final distortion, however we can say that there are 3 directions: 
a) Longitudinal b) Transverse c) Short transverse 

8) A high percentage of residual stresses can be removed by heat treatments. 
Ultrasound has also been used in the stress relieving of fabrications. 

9) The peening of weld faces (With the use pneumatic needle gms) will o~lly re- 
distribute residual stresses, by placing the weld face in compression. 
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WIS 5 Section 17 Exercises: 

1) Briefly define residual welding stress? 

2) List 2 further direction s of distortion? 

1. Longitudinal 

3. 

3) List 4 other methods that may be use in controlling the effects of distortion? 

I. Tacking 

4) List 2 other materiallwelding process related elements related to distortion? 

I. Arc Enerw Input 

2. 

3. 

5) List 2 other problems that may be expected if these stresses are not removed? 

1. Dimensional instability on machining 
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Heat Treatment of Steels: 

All heat treatments are basically cycles of three elements, which are: 

a) Heating b) Holding or Soaking c) Cooling 

Time 

We use heat treatments to change properties of metal, or as a method of controlling 
formation of structures, or expansionicontractional forces during welding. 

In heat treating metals and alloys there are many elements for the welding inspector to 
check that may be of great importance, such as the rate of climb and any hold points in 
the heating cycle. The holding or soaking time is generally calculated at lhour for every 
25mm of thickness, but this can vary. Heat treatments that are briefly covered in this 
section are as follows: 

Annealing 

3 Hardening 

9 Stress relieving 

4) Tempering 

The methodslsources that may be used to apply heat to a fabrication may include: 

a) Flame burnerslheaters (Propane etc.) Preheating 
'J) Electric resistance heating blankets. Pre-heating & PWHT 
c) Furnaces. Annealing. Normalising. Hardening. Tempering 

The tools that an inspector may use to measure the temperatures of furnaces and heateu 
materials may include. 

Temperature indicating crayons (Tempi1 sticks). Pre-heating 
Thermo-couples. All heat treatments. 
Pyrometers (Optical. Resistance. Radiation.). Furnace heat treatments 
Segar cones. Furnace heat treatments 

The welding inspector should observe that all heat treatments are carried out as specified 
and make records of all parameters. This is a critical part of the duties of a welding 
inspector who should also ensure that all documents are retained within the quality files. 
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1) Annealing 

UCT 

LCT 

Annealing for steels 

Annealing is a heat treatment process that may be carried out on steels, and most metals 
that have been worked hardened or strengthened by an alloying precipitant, to regain the 
softness and ductility. In the latter case we generally refer to solution annealing. In 
work hardened non-ferrous metals, annealing is used to re-crystallise work-hardened 
grains. When annealing most work hardened non-ferrous alloys the cooling rate is not 
always critical, and cooling may be rapid without forming any hardened structures. In 
steels we can cany out 2 basic kinds of annealing: 

a) Full Annealing (Including Solution Annealing) 
b) Sub Critical Annealing 

In full annealing of steels the steel is heated above its UC?' (upper critical temperature) 
and allowed to cool vew slowlv in a furnace. This slow coolinn will result in a degree of - - 
grain growth, which produces a soft and ductile structure. There are no temperatures that 
can be quoted for annealing steels, as this will depend entirely upon the carbon content of 
the steel 

The UCT range of Plain Carbon Steels ranges between 910 - 723 OC, however the 
tenlperature is mostly taken to 50 "C above the calculated UCT to allow for any 
inaccuracies in the temperature measuring device. Plain carbon steel of carbon content of 
0.2% would have an annealing temperature in the region of 850 - 950 "C 

The solution annealing of some metallic alloys may require a rapid cooling rate. 

In sub critical annealing the steel is heated to temperatures well below the lower critical 
temperature (723 "C). This type of annealing is similar to that used with non-ferrous 
metals as it is only the deformed fem.tic grains that can be re-crystallised at these lower 
temperatures. 

The term annealing generally means to bring a metal, or alloy, to its softest and most 
ductile natural condition. In steels this also means a reduction in toughness, as the 
resultant large grain structure shows very low impact strength. 
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2) Normalising 

I 
UCT 

Cooling in still air 

Normalising is a heat treatment process that is generally used for steels. The temperature 
climb and holding may be exactly the same as for annealing, however the steel is 
removed from the furnace after the soaking period to be allowed to cool in still air. 

This produces a much finer grain structure than annealing and although the softness and 
ductility is reduced, the strength and hardness is increased. Far more importantly the 
toughness, or impact strength is vastly improved. 

3) Hardening 

UCT 

In the thermal hardening of steels the alloy must be taken above its UCT as with all the 
heat treatment processes dihcussed thus far, and soaked for the same period. The major 
difference is in the cooling cycle where cooling is generally rapid. 

For plain carbon steel, the steel must have a sufficiently high carbon content to be 
hardened by thermal treatment, which is generally considered as > 0.3% carbon. Alloy 
steels containing carbon contents below 0.1% with added Mn. Cr. Mo. or Ni. Etc. can be 
made much harder by thermal heat treatment. 

Some steels are speciaIIy designed to produce hardness even at very slow rates of 
cooling, and are included in a group of steels called Air Hardening Steels. 

The cooling media for quenching steels is very important; as if ihe steel is cooled too 
quickly then the thermal shock may be too rapid and cause cracking to occur in the steel. 
Brine is considered to be the fasted cooling media followed by water and then oil. 

-- 
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4) Tempering Fe steel temper colours: 
723°C L ,,,,, 

Tempering range 220 - 723°C 

Tempering is a sub critical heat treatment process that can only be used after thermal 
hardening has first been carried out, as the process of thermal hardening will leave some 
steels with a much hixher level of relative hardness, but also in a very brittle condition. 

Balance of properties after Thermal Nadeniig 

Balance of properties after a temper at 720 OC 
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The softness, and far more importantly the toughness, is of very low values after thermal 
hardening, and the term temper really means to balance. When tempering steel we re- 
balance the properties of excessive hardness and brittleness by decreasing the hardness 
and increasing the level of toughness. 

The process of tempering the hardness commences measurably at arbund 220°C and 
continues up to the LCT, or 723°C. At this point most of the extra hardness produced by 
thermal hardening has been removed, or fully tempered, but the fine grain structure 
produced by the hardening process will remain, giving the steel good toughness and 
strength. This is the mechanism used to give good toughness, and strength to QIT steels, 
which are normally tempered from between 550 - 700 "C. 

5) Stress relieving or PWHT 

The purpose of stress relieving is to relieve internal elastic stress that has become trapped 
inside the weld during welding. The procedure of heat, hold and cool is the same as all 
other heat treatments however special heating c w e s  are required when stress relieving 
some types of steels, particularly Creep Resistant Steels. 

During stress relieving, steels may be heated from between 200-950 'C, although most 
stress relieving is carried out on steels between the temperatures of 550 - 700 "C, 
depending on steel type and amount of stress to be relieved. To understand what happens 
dwiiig stress relieving there are a number o f  terns that require ?:7 be defirted: 

Yield Point (Re) 
This is the point where steel can no longer support elastic strain and beconres pIas6cally 
deformed i.e. plastic strain occurs. This means that the steel wiii no ionger rcturn to its 
original dimensions. The residual stresses that are contained within steels after welding 
are all elastic, with the remaining stresses having been absorbed by plastic movement of 
the steel (Distortion). The stresslstrain diagram of annealed low carbon steel below 
shows this point: 

Plastic Strain 

When steel is heated the yield point is suppressed, which means that the elastic strain 
shown above will now start to become plastic strain. 
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The higher the temperature, then generally the more elastic strain will be converted to 
plastic strain, or plastic movement. It is generally accepted that up to 90% of residual 
welding stresses can be plastically relieved during this process. This change is shown 
diagrammatically below: 

- 
Extension 

When the temperature is returned to ambient temperatures, the yield point returns to 
practically the same position as at the start of the heat treatment. 

We can preheat metals and alloys when welding for a number ctf reasons. Primarily we 
use most pre-heats to achieve one or more of the following: 

To coiltrol the structure of the weld metal and H4Z  on coo!ing. 
To improve the diffusion of gas molecules through an atomic structure. 
To control the effects of expansion and contraction. 

We can control the formation of un-desirable microstructuies that are produced from 
rapid cooling of certain types of steel. Martensite is produced by the entrapment of 
carbon in solution at temperatures below 300 "C. The function of a pre-heat with 
susceptible steels is thus 2 fold, the first being the suppression of martensite formation 
by delaying the cooling rate, and secondly allowing the trapped hydrogen gas to diffuse 
out of the HAZ, or weld metal area back to the atmosphere. We may also control the 
effect of expansion and contraction in welds. 

Summary: 

We use heat treatments to change, or control the final properties of welded joints and 
fabrications. All heat treatments are cycles of 3 elements, heating, holding and cooling. 

The welding inspector should carefully monitor the heat treatment procedure, its 
method of application, and measuring system. AU documents and graphs relating to 
heat treatments should be submitted to the Senior Inspector in the Q/C department 
to be logged in the fabrication quality document files. 
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-YL$k 
Summary of Heat Treatments of Steels: 

Treatment I Method Uses 
l ~ h e  steel is heated above its upper critical temperature I 

Annealing 

Normalising 

Hardening 

Tempering 

Stress 
Relieving 

Pre-Heating 

and soaked for 1 hour for every25mm of thickness. 
The furnace is then turned off and the steel remains in Used to make steels-soft 
the furnace to cool. and ductile. 
This produces a large or coarse grain structure that is 
soft and ductile but has very low toughness. 

- 
The steel is heated above its upper critical temperature 
as in annealing and soaked for 1 hour for every 25mm 
of thickness. Once the soaking time has elapsed the 
steel is removed from the furnace to cool in still air. Used to make steels 
Produces a smaller, or fine grain structure that has high tougher and stronger 
toughness and strength, though ductility is lower than 
annealed steel. 

The steel is heated above its upper critical temperature 
as in annealing and soaked for 1 hour for every 25nlul 
of thickness. Once the soaking time has elapsed the Used to make medium 
steel is removed from the furnace to quench in a or high plain carbon 
cooling medium. and most low alloy steels 
Produces a fine grain marteasiiic structure that has very harder. 
high hardness and strength, though ductility is almost 
zero, with very low toughness. 

- 
,The steel is re-heated after hardening, and the balance 
of hardness to toughness is adjusted as the temperature 
is increased fiom 220" - 723 "C Used to rebalance the 
At 723 "C all martensite has been tempered removing prope~ies of thermally 
the brittleness and returning the toughness and some hardened steels. 
ductility. The steel has high tensile strength due to the 
retained fine grain structure if not heated above 723 "C 

The steel is heated to a temperature dependant on the Used after welding to 
type of steel being heat-treated. relieve the trapped 

elastic stresses caused 
Plastic flow of stresses increases as the temperature through expansion and 
rises relieving the locked in elastic stresses. contractional forces. 

- 

The steel is heated to a temperature dependant on the Used to control the 
type of steel being heat treated, but normally less than formation of H2 cracks. 
350 "C Also used to control the 
This suppresses the formation of martensite and allows effects of expansion and 
timeitemperature for diffusion of Hz contractional forces. 
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WIS 5 Section 18 Exercises: 

I) Briefly define a heat treatment using a diagram to indicate the basic stages? 

Area for basic line diagram 

Time 

2,) List 2 further methods of applying heat to a metal? 

r. Flame burners/heaters 

3) List 4 other methods that may be used to measure temperature? 

1. Temperature indicating crayons (Tempi1 sticks) 

. ~ ~ ~ .  -. 
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Insert the missing information in the table given below? 

Stress 
Relieving 

................................ 

................................ 

................................ 

Used to make steels 
tougher and stronger 

Treatment 

Annealing 

.................. 

- 

Hardening 

Method 
The steel is heated above its upper critical temperature 
and soaked for 1 hour for every 25mm of thickness. 
The fumace is then turned off and the steel remains in 
the furnace to cool. 
This produces a large or coarse grain stmcture that is 
soft and ductile but has very low toughness. 

The steel is heated above its upper critical temperature 
as in annealing and soaked for 1 hour for every 25mm 
of thickness. Once the soaking time has elapsed the 
steel is removed from the furnace to cool in still air. 
Produces a smaller, or fine grain structure that has high 
toughness and strength, though ductility is lower than 
annealed steel. 

The steel is heated above its upper critical temperature 
as in annealing and soaked for 1 hour for every 25mm 
of thickness. Once the soaking time has elapsed the 
steel is removed &om the fumace to quench in a 
cooling medium. 
Produces a fine gain martensitic stmcture that has very 
high hardness and sirength, iho:~gh dvcti!ity is almost 

type of steel being heat treated, but no&ally less than 
Pre-Heating 350 'C 

This suppresses the formation of marfensite and allows 
timeltemperature for diffusion of H2 

zero, with very low toughness. 

The steel is re-heated after hardening, and the balance pi of hardness to toughness is adjusted as the temperzture 
Used to rebalance the 
properties ab thermally 
hardened steels. 

..... 

Used after welding to 
relieve the trapped 
elastic stresses caused 
through expansion and 
contractional forces. 

is increased from 220" - 423 "C 
At 723 OC all marteresite has been tempered removing 
the brittle~~ess and returning the toughness and some 
ductility. The steel has high tensile strength due to the 
retained fine grain structure if not heated above 723 "C 
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Oxy Fuel Gas Welding, Brazing & BrazeBronze Welding: 

The oxy fuel gas heating method has been used for many decades as a portable means of 
applying heat for many operations directly linked to welding. These may include: 

1) Pre-heating (section 18) 2) PWHT (Section 18) 
3) Cutting (Section 20) 4) Soldering (NIA) 
5) Brazing (Section 19) 6) Bronze welding (Section 19) 
7) Fusion welding (Section 19) 8) Straightening (Section 17) 

The essential differences between the processes of Soldering, Brazing and Bronze 
Welding are summaxised below: 

Soldering: Mechanical bond with slight surface alloying. With M. P. < 500 OC 
As soldering is used for wireslthin gauge it is not considered here. 

Brazing: Mecha~>ical bond with slight surf~ce siloying. Wlh  M. P. > 500 'C 
The weid is formed as a result of a capillary action i s .  Sieevt-  joint^ 
Strength of the joint is very dependent upon the bond surface area. 
This process contains all the "Silver Brazing" a!loys, thus the use 
of the tern1 "Silver Solders" is an incorrect use of terminology. 

Ca~>illnry action drawing braze 
metal into the joint brazed sleeve joint 

Braze Welding: Mechanical bond with slight surface alloying M.P. > 500 "C 
The formed weld may be either a butt or fillet weld, but strength of 
the joint is again very dependent upon bond surface area. It is often 
termed bronze welding. A braze or bronze welded butt joint 

Increasing the joint surfac 
area through preparation 
angles and studding. 
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The strength of the joint and hence the success of any solderinglbrazing or bronze 
welding operation is highly dependant upon surface preparation and correct cleaning, 
both prior too, and during the operation, mainly in the removal of surface oxides. 
Cleaning prior to the operation will often be mechanical i.e. light grinding wire brushing 
or use of fine emery papers and a final solvent clean, whilst cleaning during the operation 
is generally carried out chemically by the action of a flux. 

The equipment for gas weldingibrazing operations generally consists of 2 cylinders, I 
containing acetylene and 1 containing oxygen. Acetylene gas is very unstable and will 
self detonate at very low pressure, hence it becomes a very dangerous gas to store in a 
cylinder under pressure. To enable storage to be achieved acetylene is dissolved in liquid 
acetone, which can absorb around 25 times its own volume of acetylene gas. The acetone 
is then absorbed in a charcoal and kapok mass, this makes the gas much more stable to 
store. For this reason the cylinder should always be used in the vertical position, as liquid 
acetone will be expelled from the blowpipe if it is not used vertically. This will have a 
similar effect to a flame-thrower, and is a very dangerous situation. 

If transported, or stored horizontally the cylinder should be placed vertically and not used 
for a minimum of 1 hour to avoid this effect. Oxygen may be supplied at pressures of up 
to 200 bar or 3,000 PSI and must therefore be treated with the greatest respect. Should the 
valve seat of an oxygen cylinder become fractured by sudden impact the results would be 
catastrophic, with a very high probability of resultant death for any persons in the 
immediate vicinity. Great care should therefore be exercised to ensure that all pressurised 
cy!inder gases are stored and used safely and securely. 

The use of noil-propriety grades of brass may c~ntain a high Ii of Cu, which may form 
explosive compomds 01: contact with pressurised acetylene. 

Any contact of compressed oxygen gas with any oils or grease is extremely likely to 
cause serious spontaneous conlbustion to occur. 

Key gas usage safety factors that be observed: 

Cylinders must be secured in vertical position 
Only correct fittings must be used for all connections 
Oil or grease must not be used on any connections 
Left-handed threads must be used for fuel gasses 
Colour coding of hoses must be adhered to 
Flash hack arrestors must be used on oxygen and fuel gas supplies 
One-way valves must be used on each hoseltorch connection 
The sorrest start up and shutdown procedure must be followed 
All equipment must be thoroughly leak tested (Using a soapy liquid solution) 
Always keep the cylinder key in the acetylene cylinder 
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A typical set of oxy-acetylene welding equipment is shown below: 

Oxy - Acetylene Fusion Welding: 

The flame temperature of Acetylene combusted in air is 2,500 "C. whilst the flame 
temperature combusted with oxygen is 3,200 OC, which is the highest temperature 
achievable from the normal combustion of industrial gases. This temperature is higher 
than the melting point of all the metals with the exception of tungsten, which has a 
melting point of over 3,410 "C. During all Welding, Brazing and BrazeIBronze welding 
operations it is required that surface oxides need to be removed from either the molten 
pool in fusion welding, or the joint surface area of a brazed or brazehronze welded joint. 

In the arc welding processes the heat of the arc is generally high enough to melt the 
surface oxides of the metal with the exception of the TIG welding of aluminium as the 
surface oxide called alumina (aluminium oxide) has a melting point of over 2000 "C 
For this reason we often need to use a flux when gas welding many ferrous and non- 
fessous alloys, such as the fusion welding of stainless steels and aluminium alloys. When 
welding plain carbon steels a flux is not required as the melting point of iron oxide iq 
below that of the alloy. 

--- 
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Oxy - Acetylene Flame Types Uses 
I 

A neutral flnme used for the fusion 
welding of most metals and alloys, 
including all types of steels. (This flame 
setting is also used f& oxy/acetylene gas 
cutting pre-heat flame but with a different 
nozzle type) 

1 ,.. mi,iugflame used m a y  for 
bronze welding. (Produces a Zinc Oxide 

I I layer on the surface, reducing any further 
volatilisation of hannful zinc fume) 

hard facing, and the fusion welding and 
brazing of aluminium and its alloys. 

Qxy - Fuel Gas Brazing and Bronze Weldiag: 

Oxy fuel gas welding may be used very successfully as a heat source for brazing and 
bronze weldiiig, the difference between the terms being that thc term brazing involves s 
capillary action of some kind within the joint, and bronze welding is simply a shape o f  
weld, which is generally a fillet or butt weld, made of a bronze, or brass alloy. Other less 
expensive fuel gases may be used as thc temperature required is not as high as that 
required in fusion welding. A 9% Nickel bronze filler wire is mainly used for braze 
welding repairs of cast irons. (Nickel bronze is a closer colour match and also has a 
tensile strength double that of low carbon steels) Aluminium and aluminium alloys may 
be brazed using an Oxy-Acetylene flame heat source, with aluminium braze filler metal 
containing approximately 15% silicon. In the correct application, a brazed, or bronze 
welded joint may be much stronger than any fusion-welded joint, as the surface area of 
joining is much higher, as is shown below: 

Sucface area ofioin 
in a welded jo% 

F 
Surface area of join 

m in a brazedjoint 

A Welded T joint A Brazed T joint 
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WIS 5 Section 19 Exercises: 

1) Briefly describe the major differences between Soldering Brazing and 
Brazemronze welding? 

2) List 9 other safety precautions to be sfricflv observed when working with the 
oxy-acetylene processes? 

I. Cylinders must be "secured" in the vertical position 

3) List 3 types of oxy-acetylene flame and a use for each type? 

Flame type UseIApplication 

.- 
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Thermal CuttingIGouging Processes: 

All thermal cutting processes that we use in fabrication must satisfy 2 major functions to 
be successfully used as a cuttinglgouging process. 

1) A temperature capable of melting the materials being cut 

2) A velocity capable of removing the molten metal andlor oxides from the cut 

872 1 Oxy-Arc gouging 
88 1 Plasma gouging 

Oxy Fuel Gas Flame Cutting (81) Flame Gouging (86) 

In oxy-fuel gas cutting the temperature is achieved by the exothermic reaction of iron at 
its ignition temperature and pure oxygen. The product of iron oxide is removed from the 
cut edge, or kerf by the velocity of the oxygen gas jet. Thus in oxy-fuel gas cutting we 
do not need to melt the steel, but more simply heated it until it reaches its ignition 
temperature. (At around 1100 "C or a bright cherry red colour) At this temperature the 
iron will react with pure oxygen producing an exothermic chemical reaction, the product 
being Fe3 Oq or magnetic oxide of iron. A jet of pure oxygen is sent from an orifice in the 
centre of the nozzle that reacts with the iron at its ignition temperature. The velocity of 
the oxygen jet also removes the magnetic iron oxide from the cut face, or kerf: 

As the ignition temperature is not as high as temperatures needed for fusion welding the 
use expensive acetylene gas is not needed. Propane, butane and other cheaper gases may 
be used for oxy-fuel gas cutting. The temperatures reached from the chemical exothermic 
reaction of oxygen with iron are sufficient to melt all metals and indeed most materials 
e.g. concrete. It is also the heating method used in the thermal boringigouging tool 
known as a Thermic Lance, used in foundries for gouging inclusions in large castings. 
A restriction of oxy-fuel gas cutting is that it cannot be used successfully in its 
conventional form to cut metals with high melting point oxides (i.e. Stainless Steels). 
With the addition of an iron powder injection system, the iron-oxygen reaction can be 
produced ahead of the materials surface by the exothermic reaction of the heated iron 
powder within the oxygen jet. This enables all metals/alloys, to be cut with Oxy/Fuel gas 
cutting process, though if a high quality cuts are required then Plasma is much preferred. 
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The thickness of steels that may be cut using the Oxy-Fuel gas cutting method k 
dependant on the nozzle size and oxygen pressure available. The oxy-fuel gas cutting 
system may be simply mechanised and used to cut plates (Photograph 1) and 
preparations on pipe to be welded. (Photographs 2) It must be recognised that any steel 
with high hardenability may have hardened up to a depth of 3mm therefore dressing is 
normally required to remove this hardened region as well as removing any light oxide. 

The main inspection points of conventional oxy fuel gas cutting will include: Safety + 

1) Cutting nozzle type, and size 2) Nozzle distance from work 
3) Cutting oxygen pressure 4) Speed of travel of the cutting head 
5) Angle of cut 6) Fuel gas type and flame setting 
7) Pre-heat, if specified 8) The condition of the kerf 

If all the above parameters are set correctly then the cut face or  kerf should appear 
as in photographs 3 - 5 below. An example of incorrect parameters is shown in 6 

I I 

\ ' Flutes 

A good oxyffuel gas cut edge A poor oxylfuel gas cut edge 
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Arc Cutting (82) & Arc Gouging (87) 

We can use the temperature attained by an electric arc in cutting processes to reach the 
temperatures required to melt the metal or alloy to be cut. There are 3 types of process 
that are generally used, the main differences being in the consumables and the gas used 
in producing the velocity required. 

1) Conventional cutting (82) gouging electrodes (87) 

2) Oxy-Arc cutting (822) and gouging (872) 

3) Arc-Air cutting (821) and gouging (871) 

Conventional cuttinglgouging electrodes 
In conventional arc gouging there is no requirement for any additional equipment other 
than that required for M W S M A W  welding. The consumables consist of a light alloy 
central core wire, which is mainly to give rigidity, and a heavy flux coating, which 
provides elements that produce arc energy. The arc is struck in a conventional way to 
MMA welding, however the arc melts the base material, which is then pushed away by 
using a pushing action with the electrode. The process generates a great volume of 
welding fume and is not very effective, but is suitable for the occasional need to remove 
old welds, or gouge grooves in base metal. 

Oxy-Arc cuttinglgouging 
In oxy-arc cutting we require a special type of electrode holder. The consumables are 
tubular in section and are coated with a very light flux coating. The electrode is iocated 
in the special electrode holder to which is aitached a power cable and gas hose. The 
power cable is attached to the power source and the gas hose is attached to a source of 
compressed oxygen. The arc is struck and the compressed oxygen may be activated at the 
torch head. ?'he heat of the electric arc will melt the base metal or alloy and the velocity 
to remove it is provided by the compressed oxygen. When cutting femtic alloys, a 
similar effect can be produced to the exothermic reaction found when using conventional 
oxy-fuel gas cutting. This process is generally used for decommissioning/scrapping plant 
as the cut surface is generally not consistent. 

Arc-Air cutting/gouging 
Arc-air cutting is the most commonly used method of arc cutting/gouging and is used 
extensively for gouging old welds and removing materials. The consumable is a copper 
coated carbon electrode with the gas being compressed air. The process is basically "melt 
and blow" in that there no exothermic reaction producing extra heat within the cut zone. 
The main disadvantages include the high level of high-pitched noise produced and the 
volume of fumes generated. The cut face will require dressing due to potential carbon 
pick up and the rapid heating/ cooling cycle involved. A major safety inspection point in 
the use of all arc processes is that correct ear protection is in use and also that an efficient 
fully isolated breathing supply system is also being used. 
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1) Oxy-Arc Gouging 

Cross Section 

Tubular steel core wire containing 

2) Arc-Air Gouging 

I I 

Copper coated carbon electrodes .. 

Jet of compressed air 
supplied from holes in 
the electrode holder \r 

T, Gouged metal 
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Plasma Cutting (83) and Gouging (88) 
Plasma cutting utilises the temperatures reached from the production of the plasmas from 
certain types of gases. Nitrogen gas plasma can reach a temperature of over 20,00OoC but 
temperature of air plasma is much lower. Air however is freely available and therefore 
cheaper and can be compressed by a compressor in the equipment, but is restricted in the 
depth of cut attainable. The velocity for plasma cutting is produced by the expansion of 
the plasma in the torch chamber, which is then forced through a constricting orifice at the 
torch head producing the velocity required. There are essentially 2 main categories of the 
plasma cutting process: 

Transferred arc (Used for cutting conductive materials) 
Non-transferred arc (Used for cutting non-conductive materials, such as cloth) 

Transferred Plasma Arc Cutting Air Plasma Cutting Equipment 

c 
Air Plasma Cutting Torch 
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Laser Cutting (84) 
The laser jet can also be adapted for cutting materials, with the adaptation of a high 
velocity gas jet to remove the vaporised metal from the cut area. Laser cutting is a very 
expensive operation as the laser and the material handling equipment is expensive but it 
gives an extremely accurate cut. It has recently become more widely used in applications 
demanding this high level of accuracy, mainly through the advent of Nd-YAG laser, 
which due to the frequency of its laser light has ability to be directed along fibre optics. 
Thus the development of robotics systems carrying laser cutting heads producing 
continuous levels of extremely high accuracy cutting in fully automated systems are now 
not uncommon in certain areas of the fabrication industry. 

High Speed Water Jet Cutting 
Although technically this method of cutting does not belong within a thermal cutting 
section, it is becoming increasingly used in the Petrochemical industry and thus requires 
some explanation. It utilises water borne particles as a high speed abrasive and is used 
predominantly in the Petrochemical Industry as a means of cutting old steel pipeline and 
structures within highfire rzkk areas. A main advantage is the absence of any HAZ. 

WIS 5 Section 20 Exercises: 

1) List 7 further inspection points of the oxy-fuel gas cutting process? 

1. Cutting Nozzle Tvpe and Size 2. 

2)  From information in your notes and the course lecture insert an advantage 
and disadvantage of the following cutting processes: 

- 
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Welding Safety: 

As a respected officer it is a duty of any welding inspector to ensure that safe working 
practices are strictly followed at all times. 

Safety in welding can be divided into specific areas some of which are as follows: 

Welding/cutting process safety 

Electrical safety 

Welding fumes & gases (Use & storage of gases) 

Safe use of lzjiting equipment 

Safe use of hand tools andgrinding machines 

General welding safety awareness 

1) Weldiug/cutting process safety: 

Consideration should be given to safety when using gas or arc cutting systems by: 

Removing any combustible materials from the area. 

Checking all containers to be cut or welded are fume free 
(All valid Permits to work are in place etc.) 

Providing ventilation and extraction where required 

Ensuring good gas safety is being practised 

Keeping oil and grease away fiom oxygen 

Appropriate PPE is worn at all times 

2) Electrical Safety: 

Safe working with electrical power is essential; ensure that insulation is used where 
required and that cables and connections are in good condition, being especially vigilant 
in wet or damp conditions. Low voltage supply (110 v) must be used where appropriate 
for all power tools etc. All electrical equipment must be regularly tested and identified as 
such accordingly. 
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3) Gases & Fume Safety: 

The danger of exposure to dangerous fumes and gases in welding cannot be over 
emphasised. Exposure to metallic fi.mes and/or gases may come from electrodes, 
plating, base metals and any gases that are used in or produced during the welding cycle. 

Dangerous gases that may be produced during the welding process include ozone, 
nitrous oxides, and phosgene (caused by the breakdown of Triehloroethlylene based 
degreasing agents in arc light); all of which are extremely poisonous and will result in 
death when over-exposure occurs. 

Other gases used in welding can also cause problems by displacing air or reducing the 
oxygen content. 

Most gases are stored under high pressure, and therefore the greatest care should be 
exercised in the storage and use of such gases. All gases should be treated with respect 
and are considered a major hazard area in welding safety. 

Cadmium, chromium, and other metallic fumes are extremely toxic and again may 
result in death if over-exposure occurs. Be aware of the effects of a coating fume and 
always use correct extraction or breathing systems, which are essential items in safe 
welding practice. 

I f  in doubt stop the work! 
Until a health and safety officer takes full responsibility. 

4) Lifting Equipment: 

It is essential that correct lifting practices are used for slinging and that strops of the 
correct load rating are used for lifis. All liftiig equipment is subject to regular inspection 
according to national regulations in the country concerned. In the UK this is governed by 
the HSE under the LOLER requirements, which are mandatory for all operations within 
the UK. Cutting corners is an extremely dangerous practice when lifting and often leads 
to fatalities. (Never stand beneath a load) 

5)  Hand tools and grinding machines: 

Hand tools should always be in a safe and serviceable condition (grinding machines 
should have wheels changed by an approved person) and should always be used in a safe 
and correct manner. Use cutting discs for cutting and grinding discs for grinding only. 

6) General: 

Accidents do not just happen but are usually attributable to someone's neglect or 
ignorance of a hazard. Be aware of the hazards in any welding job and always minimise 
the risk and always refer to your safety advisor if any doubt exists. 

- 
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Special Terms Related to Welding Safety 

Duty cycle 

A Duty Cycle is the amount of currept that can be safely canied by a conductor in a 
period of time. The time base is normally 10 minutes and a 60% duty cycle means that 
the conductor can safely carry this current for 6 minutes in 10 and then must rest and 
cool for 4 minutes. At a 100% duty cycle equipment can carry the current continuously. 
Generally 60% & 100% duty cycles are given for welding equipments. 

Example: 350amps at 60% duty cycle and 300amps 100% duty cycle. 

This should not be confused with the term Operating Factor, often wrongly used for 
Duty Cycle as both are given as a percentage %. Operating Factors are multiplied by 
process deposition rates in economic calculations to calculate the full costs of welding, 
including process down (non arc on) time. Some typical process Operating Factors are: 

MMA = 30% 
MIG/MAG Semi automatic Manual operation = 60% (Hence confusion with duty cycle) 
MIGfMAG Senii Automatic MechanisedRobotics (Fully automated) operation = 90% 

Occupational, and Maximum Exposure Limit (OEL and MEL) 

Operational, and Maximm Exposure Limits OEL & MEL may be defined as a safe, 
and maximum working limit of exposure to various fume, gases or compounds during 
certain time limits. as calculated by the Health and Safety Executive or HSE in the UK. 

Examples of levels of some fume and gases that workers may he exposed tco are taken 
from Guidance Note EW40 2002 and given in the table below: 

* Note: Any MELJOEL values given in Guihnce Note EHl40 may change annually 

The toxicity of these examples can be gauged by the value of exposure limit. Any of the 
above examples may be present in welding under certain conditions, which will be 
expanded upon by your course lecturer at a relevant point. 

Fume or gas 
Cadmium 
General Welding Fume 
Iron 
Aluminium 
Ozone 
Phosgene 
Argon 
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WIS 5 Section 21 Exercises: 

Complete the table below by inserting any safety issues that will need to be considered? 

Material ( Process 1 Other Information , I Issues to be considered 
I I I 

Stainless Steel MAG Vessel contained 
explosive & toxic 

compounds 

Stainless Steel Silver braze Cd braze alloy 

Steel Gas Galvanized 
Welding 

Steel 

Steel 

Steel 

Steel 

Steel 

Stainless Steel 

Steel 

MMA Cadmium plated 

Arc Air 
Gouging 

Overhead 
Lift 

TIG 

Oxy - Fuel 
cutting 

Degreased with 
Trichloroethylene, 

but still damp 

Confined space 

500 tonnes I 
Site work 

Wet conditions 

Confined space 

In an area containing 
combustibles 
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Spot the Safety Hazards! ! 
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The Weldability of Steels: 
In general, the term weldability of materials can be defined as: 

"The ability of a material to be welded by most of the common welding processes, and 
retain the properties for which it has been designed" 

The weldability of steels can involve many factors depending on the type of steel, the 
process and the mechanical properties required. 

Welding engineers concerned with welding only CiMn structural steels may often define 
weldability as carbon equivalent, however this is a very narrow application of this term. 

Poor weldability generally results in the occurrence of some type of cracking problem, 
though most steels have a degree of weldability. 

When considering any type of weld crackimg mechanism there must be three essential 
elements present prior to its occurrence: 

Stress. 
Restraint. 
Susceptible microstructure. 

1. Residual stress is always present in weldments, through local expansion & contraction. 
2. Restraint may be a local restriction, or through plates being welded to others. 
3. The microstructure is often made susceptible to cracking by the process of welding. 

The types of cracking mechanism prevalent in steels in which the CSWIP 3.1 Welding 
Inspector should have some knowledge are: 

Hydrogen induced HAZ cracking. (CIMn steels) 

Hydrogen induced weld metal cracking. (HSLA steels) 

Solidification crackimg. (All steels) 

Lamellar tearing. (All steels) 

Inter-crystalline corrosion. (Stainless steels) 

.- 
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Definitions: 

For this section it is essential to have a basic understanding of the following terms: 

Solubility: 

Maximum 
Solubility: 

Steel: 

Plain 
Carbon Steels: 

Low 
Carbon Steel: 

Medium 
Carbon Steel: 

High 
Carbon Steels: 

Low 
Alloy Steels: 

High 
Alloy Steels: 

Ferrum: 

Ferrite: 

Austenite: 

Martensite: 

Diffusion: 

To be able to dissolve one substance in another, like sugar in tea. 

The maximum % of a substance that can be dissolved in another. 

An alloy of the iron with the non-metal carbon. (0.01 - 1.4% C) 

Steels that contain only iron & carbon as main alloying elements. 
Traces of Mn, Si, Al, P & S may be also present from refining. 

Plain carbon steels containing between 0.01 - 0.3% 

Plain carbon steels containing between 0.3 - 0.6% C 

Plain carbon steels contzining between 0.6 - 1.4 % C 

Steel containing iron and carbon, and other allying elements i s .  
Mn, Cr, Ni, Mo < 7% Total 

Steel containing iron and carbon, and other alloying elements i.e. 
Mn, Cr, Ni, Mo > 7% Total 

The Latin term for Iron from which comes its chemical symbol Pe 

A low temperature structure of iron & dissolved carbon, the 
maximum solubility of carbon occurring in this structure is 0.02 % 

A high temperature structure of iron & dissolved carbon, the 
maximum solubility of carbon occurring in this structure is 2.06% 

A hard structure produced in some steels by the rapid cooling from 
high temperature austenite, generally occurs at temperatures <300°C 

The movement of solute atoms, or molecules through a crystalline 
stn~cture. This can generally be accelerated with increasing levels 
of heat energy in the material. 
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Effect of alloying elements: 
Elements may be added to steels to produce the properties required to make it useful for 
an application. Most elements can have many effects on the properties of steels. 

Aluminium: 

Carbon: 

Chromium: 

Manganese: 

Molybdenum: 

Nickel: 

Niobium: 

Silicon: 

Titanium: 

Tungsten: 

Alloyed to steels mainly as a grain refiner, and is also used as a de- 
oxidising agent in triple de-oxidised steel and welding consumables. 

A prime and essential element in steel alloys. An increase in Carbon 
content will increase hardness and strength, but reduces the ductility. 

Alloyed in additions > 12% to produce stainless steels, but is often 
used in low alloy steels < 5% to increase hardness strength and 
greatly increase the resistance to oxidation at higher temperatures. 
Chromium stabilises carbide formation, but promotes grain growth 
if added in isolation. It is thus often alloyed together with Ni or Mo 

Alloyed to structural steels < 1.6% to increase the toughness and 
strength. It is also used to control solidification cracking in ferritic 
steels and alloyed up to 14% in wearlimpact resistant Hadfield steel. 

Alloyed to low alloy steels to control the effects of creep. it is also 
used as a stabilising element in stainless steels; and will limit the 
effects of gain gowth. Alloyed in Cr/Ni/Mo low alloy steels to 
control an effect called temper ernbrittlement. 

Nickel is alloyed > 9% steel producing a~rstenitic stainless steel. It is 
also be added < 9% iii the low temperature nickel steels. It ~romotes 
graphitisation, but is good grain refiner, and is often used to offset 
some effects of Chromium. Nicke! is very expensive, but improves 
the strength, toughness, ductility and corrosion resistance of steels. 

Carbide former used to stabilise stainless, also in HSLA < .05% 

Is alloyed in small amounts < 0.8% as a de-oxidant in femtic steels. 
It is alloyed to valve and spring steels, and can also increase fluidity. 

Used mainly to stabilise stainless steel, and 1.05% in HSLA steels. 

Mainly alloyed to high alloy High Speed Tool steels. This increases 
the high temperature hardness required of such steeis, due to the 
tempering effect of frictional heat on other steels during cutting. 

Vanadium: Used as a de-oxidant, or as a binary alloy as in HSLA steels 1.05% 

It should be remembered that most alloying additions increases the ability of a steel to 
harden by the thermal hardening process. This property is tenned "hardPnability" 
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\ I Crack type: 
, 

' : Location: 
\, 
fi-\ \ 

,S ( Steel types: 

Susceptible microstructure: 

Hydrogen cracking (Hz cold cracking) 

a. HAZ. Longitudinal 
b. Weld metal. Transverse or longitudinal 
a. All hardenable steels i.e. Low alloy steels. 
HSLA steels. QT Steels. Med - High C steels. 
Martensite. 

Causes: 

H2 cracking is a cold cracking mechanism generally occurring below 300 T and may be 
found in the HA2 or weld metal depending on the type of steel being welded. Hz may be 
absorbed into the welding arc from many sources including; moisture on plates or in the 
air, paint or oil on the plates, or a long or unstable arc etc. An E6010 cellulosic electrode 
produces mainly Hz as its shielding gas. H2 will easily dissolve into solution in molten 
weld metal and remain in solution upon solidification into either delta fenite or austenite. 
As the weld cools below the LCT the weld metal transforms into alpha ferritelpearlite 
that has far less solubility for H2 and at this point the Hz will tend to move into the HA2 
where austenitic is still retained. The process is tenned diffusion, which occurs more 
rapidly at elevated temperature. If the HAZ is of low hardenability it will itself transform 
into ferritelpearlite and Hz will remain in solution, eventually diffusing out of the 
weldment. If tbe HAZ has higher hardenabiliQ then the transformation of the HAZ will 
be from austenite to martensite, which as a supersaturated solution of iron and carbon 
offers no solubility for Hz This will result in expulsion of Hz from solution and a high 
level of internal stress occurring in this brittle microstructure that also offers no ductility. 
Cracks may occur from areas of high stress concentration, such as from the toes of welds 
and generally move through the hardened HAZ, though in some cases the weld metal. 

The four critical factors and values, where hydrogen cracks are likely to occur, are 
considered to be: 

a. Hydrogen content: > 15 mVlOO gm of deposited weld metal 

b. Hardness: > 350 HV 

c. Stresses: > 0.5 of the yield stress 

d. Temperature: < 300°C 
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Hydrogen may be absorbed into the arc zone and liquid weld metal from: 

n 

Rust, oil, grease, or E 6010 electrodes produce 
paint etc: on the plate 

Hz as a shielding gas. 

long, or an unstable arc 

y Austenite in HAZ 

Weld metal changes 

phase to a femte and 

H diffuses into HAZ 

H diffusion to HU Austenite in HAZ changes to 

martensite at 300 "C trapping H & 
rcing it out of solution 

/ Stress concentrations 

H2 HAZ Cracking a. Butt joints 

Stress concentrations 

Ht HAZ Cracking 

Martensitic HAZ 

h. T joints 
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Prevention of hydrogen HAZ cracking: 

To control hydrogen cracking in the HAZ it may be necessary to pre-heat the weldment. 
Pre-heating retards the rate of cooling and suppresses the formation of martensite and 
other hard sbvctures formed upon rapid cooling. It will also promote diffusion of trapped 
Hz back to the atmosphere. 

Considerations during calculation of pre-heat requirements are: 

a. Hardenability of the joint (i.e. Ceq) b. Thickness of metal and joint type 
c. Arc energy input. d. Hydrogen scale, or achievable limit 

Hydrogen Induced Weld Metal Cracking: 

HZ weld metal cracks may occur when welding HSLA (High strength low alloy) steels. 
These steels are micro-alloyed with titanium, vanadium andlor niobium. (Typically 
0.05%) To cheaply match weld strength to plate strength the choice weld metal with 
increased carbon content is used as increased earbon content increases tensile strength. 
(Up to 0.83% C) A graph showing the effect of carbon on the properties of plain carbon 
steels is given below. This action will also result in a hardenable steel weld deposit 
where austenite in the weld will transform directly into martensite causing the same 
conditions as found in the HAZ previously, and where cracking may now occur within 
the weld metal. Both HAZ and weld metal H2 cracks are considered as cold cracks (< 
300°C) and on occasions are referred to as "Hzinduced or delayed cracking" 
If H Z  cracks are suspected final inspection may be delayed up to 72 hours, depending 
upon application code/standard requirements as cracks may appear within this time. 

ensile Strength 

Ductility r r  
As indicated above, additions of carbon (up to 0.83%C or Eutectoid composition) will 
increase the tensile strength of plain carbon steel. This serves the purpose of cheaply 
matching the weld metal strength to the base metal but will also give the weld metal 
much higher kurdenubilitv. 
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These conditions may now result in Hz cracking occurring in the weld metal, as the weld 
will now transform directly from ausieniie - martensite trapping the Hz in weld metal 
and inhibiting its diffusion to the HAZ. 

It can also be seen from the graph that higher carbon steels have much reduced levels of 
ductility. Cracks tend to be transverse as the main residual stresses are generally in the 
longitudinal direction, though they may occasionally be longitudinal, or even at 45" to 
the weld metal. 

High strength low ductility weld metal Hydrogen induced weld metal cracks 

Prevention of cracking for these steels is as per Hz HAZ cracking where preheating of the 
weid area permits a degree of trapped Hz time at temperature to diffuse from the weld 
and HAZ area back to the atmosphere, and as importantly retards the formation of the 
hard martensitic structure. 

Summary of prevention methods for H2 cracking in Low Alloy and Micro Alloy Steels: 

Use a low hydrogen process and/or hydrogen controlled consumables. 
Maximise arc energy (taking HAZ and weld toughness into consideration). 
Use correctly treated Hz controlled consumables 
Minimise restraint. 
Ensure plate is dry and free from rust, oil, paint or other coatings. 
Use a constant and correct arc length. 
Ensure pre-heat is applied and maintained before any arc is struck. 
Control inter-pass temperature 
Ensure weldmg is carried out under controlled environmental conditions 

The selection of an austenitic stainless steel weld metal will also control the effects of 
HZ cracking but may also form an unacceptable corrosive condition to exist. 

It should also be noted that it is possible for monatomic hydrogen atoms ( H )  to be trapped 
within the rnartensitic structure that has reached temperatures where diatom2 hydrogen 
(H2) should now exist. This will also result in atomic forces acting within the structure and 
should be considered as a contributory factor in this cracking mechanism, in weld or itAZ. 
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( Cracktype: s Solidification cracking (Hot cracking) 

Location: Weld centre. (Longitudinal) 
Steel types: All 
Susceptible microstructure: Columnar grains. 

(In the direction of solidification) 

Causes: 

Solidification cracking is a hot cracking mechanism that occurs during solidification of 
welds in steels having high sulphur content or contaminated with sulphur. A further 
potential cause is the weld depth/width ratio, which in normal welding situations refers to 
deep narrow welds (cladding applications may produce shallow wide welds, as these are 
also prone to this problem). Therefore if we have a combination of deep narrow welds 
with a high incidence of sulphur we are greatly increasing the likelihood of hot cracking. 
As with all cracking mechanisms stress plays a major role in susceptibility. During 
welding sulphur in or on the plate may be re-melted and will chemically join with the 
iron to form iron sulphides. Iron sulphides are low melting point impurities that will 

seek the last point of solidification in the weld, which is on the weld centreline. 
It is here that still being above their melting point and hence liquid that they form liquid 
films around the hot solidifyimg grains that are themselves under great stress due to the 
actions of contractional forces. The bonding between grains may now be insufficient to 
maintain cohesion required in accommodating the opposing contractional stresses within 
weld and FIAZ, and a crack will result along the length of the weld on its centreline. 

Prevention of solidification cracking in ferritic steels: To prevent the occurrence of 
solidification cracking in fenitic steels that contain high levels of sulphur (these steels 
are said to suffer from Hot Shortness), manganese is added to the weld via the 
consumable. 

Sulphur related 
Scrutiny of Mill sheets is essential to assess the materials Sulphur content. A typical 
maximum level allowed in a low carbon steel specification is 0.05%. Even this 
seemingly low figure may be excessive for certain high stresshigher carbon applications, 
or if the depthtwidth ratio is excessive. 

Senior Welding Inspection of Steels WIS 5 22.8 
Section 22 Weldability of Steels 
Rev 09-09-05 Copyright O 2005 TWI Ltr' 

W I  WORLU CENTRE FOR 

h.lATERIALS IOFNNG 
ECHNOLOGY 



TWI 
lz&i/ THE WELDING INSTITUTE 

A further potential source of Sulphur is paint, oil and grease and is why temperature 
crayons always carry the statement "Sulphur Free" and is a prime reason for thorough 
cleaning. This becomes of critical importance when welding austenitic stainless steels. 

If limited material availability requires the welding high sulphur steels then consumables 
with relatively high manganese content are specified. An example of steel with very high 
sulphur levels would be Free Cuttinghtfachining steel. Some of these steels could be 
considered as un-weldable in normal circumstances as sulphur levels are very high. 

Manganese has the effect of forming preferential manganese sulphides with the sulphur. 
Mn/S are spherical and solidify at a higher temperature than iron sulphides and therefore 
are more dispersed throughout the weld. Cohesion between the grains is thus maintained 
and the crack will not occur. 

Careful consideration must be given to the MniS ratio, which at 0.12% C should be in the 
region of about 40:l. Increased carbon content can rapidly increase the required ratio 
exponentially; thus carbon must be reduced as low as possible, with low plate dilution 
and low carbon, high manganese filler wires. 

A summary of prevention methods: 

a. Use low dilution processes b. Use high manganese consurnables 
c. Maintain a low carbon content d. Minimise restraint/stress 
e. Specify low sulphur content of plate f. Remove laminations 
g. Thorough cleaning of preparation h. Minimise dilution 

Solidification cracking (Sulphur related) 

Weld centre 
films around 

Direction of grain solidification &A 

line with liquid Iron sulphides 
the solidified grains 
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Effect of Manganese Sulphides formation 

Direction of grain solidification .- 
Spheroidal Mn sulphides form between the solid 
grains, maintaining inter-granular strength. 

Depthlwidth ratio related 

The shape of the weld will also contribute to the possibility of cracking. This may be 
totally independent from the sulphur aspect but is usually in combination. Processes such 
as FCAW SAW and MAG (using spraylpulsed transfer) may readily provide these 
deepinarrow susceptible welds. However it is not the weld volume that is the prime 
factor but the weld shape as referred to previously. Therefore root runs and tack welds 
may readiiy provide the susceptible profile. As root runs are also areas of high dilution 
(therefore greater sulphur pick up) and more likely to be highly stressed these must 
always be inspected with solidification cracking in mind. 

Solidification cracking in Austenitic Stainless steels 

Austenitic stainless steel is particularly prone to solidification cracking. 

This is primarily caused through: 

A comparatively large grain size, that gives rise to a reduction of grain boundary area. 
A high coefficient of thermal expansion, this produces high resultant stresses to occur. 
An atomic structure that is very intolerant of contaminants, such as sulphur, phosphorous 
and additional elements such as boron. The cause and avoidance may be regarded as the 
same as that of plain carbon steels, but with extra emphasis on thorough cleaning 
requirements prior to welding. The welding procedure will have been written to conttol 
the balance of austenite and ferrite in the weld metal. This balance will directly affect ?he 
structures tolerance of contaminants and the resultant grain boundary area, and is why 
the filler material specified often does not appear to match the parent material. Careful 
monitoring of parameters is required to control dilution to ensure this balance is 
maintained. 

- --. . ~ ~ 
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(' Crack type: 

Location: 

k Steel types: 
Susceptible microstructure: 

Lamellar tearing. 

Parent material 
All steels 
Low through thickness ductility 

Causes: 
During welding high levels of contractional stress may be passed in the through thickness 
direction of one of the plates within the joint. This short transverse direction generally 
lacks in ductility particularly in cold rolled plates. As ductility is the property required in 
the steel to accommodate this plastic strain caused by contraction stresses a stepped like 
crack may initiate in the affected plate just below the HAZ in a horizontal plane. 

Micro inclusions of impurities such as sulphides and silicates that may occur during steel 
manufacture are also a contributory cause, which when subjected to short transverse 
stresses may lead to lamellar tearing 

Lamellar tearing. (Ferritic steels'j 
joints. 

a. Corner joints. 

Through thickness contractional stress = - 
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To assess the risk of a materials susceptibility to lamellar tearing through thickness 
tensile tests are normally carried out. 

Testing a steel for susceptibility to lamellar tearing 

U/T survey using 0" probe. 
Testing for lamination Plate to be tested. 

\. 
Penetrant testing for lamination 
indications at the end of the plate 

Machined transverse tensile specimen with Friction welded ends 
Testing for a minimum value of % reduction in CSA 

A test can be made on the level of through thickness ductility. which to avoid lamellar 
tearing should show a certain minimum level. The results are normally given in % 
Reduction in Cross Sectional Area (or CSA). The critical value is generally considered 
as 20%. The lower the value below this threshold, then the higher is considered the risk 
of lamellar tearing occurring in joints with high through thickness contractional stresses. 

Prevention of lamellar tearing: 

To reduce the risk of lamellar tearing the following steps may be taken: 

a. Check the chemical analysis (Below 0.05% S or P) 
b. Check laminations with UT (PT on plate edges) 
c. Check the short transverse ductility value (> 20% Reduction in CSA) 
d. Use buttering layer of high ductility weld metal deposited beneath the member to 

be welded, enabling contractional stresses to be absorbed as plastic strain. 
e. Leave a contraction gap between members enabling any contractional movement. 
f. Re-design of the weld. 
g. Re-design of the joint. 
h. The use of pre formed T pieces. (Mainly in critical applications) 
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Methods used to control the occurrence of lamellar tearing: 

1) Change of joint and or weld design (Where possible, practical and permissible) 

High ductility weld metal 

Aluminium wire support 

2) Use ductile weld metal buttering layers 3) Minimise restraint 

A pre formed T piece 

4) Use pre formed T piece for critical joints 
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Crack type; 

Location: 
Steel types: 
Susceptible microstructure: 

Inter-crystalline corrosion 

Weld HAZ. (Longitudinal) 
Stainless steels. 
Sensitised grain boundaries. 

Causes: 
During the welding of stainless steels temperature gradients are met in the HAZ where 
chromium carbides can be formed from the carbon and chromium. This carbide 
formation depletes the affected grains of chromium, which will in tum severely reduce 
corrosion resistance. Immediately after such an effect has occurred we can say that the 
stainless steel has been sensitised, that is to say it has become sensitive to corrosion. If 
no further treatment is given then corrosion will appear parallel to the weld toes within 
the HAZ. This corrosion will become more evident when the weld is subsequently put in 
service. This problem is colloquially known as weld decay, although its occurrence is 
mainly in the HAZ. Once initiated, localised pitting may lead to a relatively rapid failure. 

Prevention of Sensitisation and inter-granular corrosion in stainless steels: 

a. To prevent the occurrence of sensitisation, parent material with a carbon contents 
below 0.03% C are often used. This reduces the free carbon available to fonn chromium 
carbides. For example E316 stainless steel of low carbon content is designated E 316L. 

b. Elements such as niobium, molybdenum, tantalum, and/or titanium may be added 
to the base material aud electrodes to stahilise the steel. These are termed stabilising 
elements, and tie up any free carbon by forming preferential carbides, thus leaving 
chromium within the grain, where it will perform its main function in producing 
chromiun; oxide. and thus resisting the effects of further corrosion. 

c. The association of chromium and carbon into chrome carbides is very timeltemp 
dependant occurring between 600 - 850' C. Most welding procedures are designed to 
reduce the time that the HA2 remains within this temperature range. Therefore it is 
normal to see maximum inter-pass temperature controls applied. 

d. A sensitised stainless steel may be solution annealed after welding by heating to 
>I100 'C and cooling rapidly. This dissolves (disassociates) the chromium carbide back 
into solutiou where rapid cooling will inhibit any re-association. 

ines of sensitisation 
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Summary of Weldability of Steels: 

Hydrogen induced HAZ or weld metal cracks Key words: 

HSLA weld cracks I High strength metal I High C % in weld I Low ductility 
Weld contraction I Transverse crack I Micro alloy Nb T V I Longitudinal a 

Cause: 

Prevention Low Alloy and HSLA steels , 

Paint, Rust, Grease 
Low ductility 
Critical factors = 

Temp (300 O C  

Solidification cracking in C/Mn steels 

Consun~ables 
o Concentrations 
Martensite 
lo > 0.5 yield stress 

Hz HAZ cracks 
Super saturation 
Diffusion 
Hardness > 350HV 

Pre-heat 
Minimise restraint 
Reduce o concentration 

Keywords: 

Process 
Solubility 
Transformation 
Hydrogen >15ml 

Cause: 
High d:; / FeISulphides / Weld centreline 1 Contraction 
Low melting point film 1 Contractional forces I Loss of cohesion 1 Hot shortness 1 

Short stable arcs 
Remove coatings 
Use low Ceq plate 

Prevention: 
High manganese % / Use low restraint I Control carbon % 1 Use low dilution 
Control heat input / Control sulphur % I Change Preparation / Cleaning 

Lamellar tearing in C/Mn steels 

Prompt PWHT 
Stable arc length 
Use hot pass ASAP 

Key words: 

Use low H2 process 
y S/S weld metal 
Bake basic fluxes 

Cause: -- 

Plastic strain / ~ u l ~ h u r  1 Micro inclusions 
Short transverse / Stepped crack I Segregation 

Prevention: 
NDT for laminations / Through 't' tensile I Buttering layers / Contraction gap 
Re-design joint I Forged T piece I Chem. analysis / Control heat input 

Inter - crystalline corrosion in stainless steels Key words: 
Cause: 
Cr grain depletion / Temp gradient I Cr C Association I Sensitisation 
HAZ Parallel to weld 1 600 -- 850 "C I High carbon content / TimeITemperature 

Prevention: 
Low Carbon < 0.03% 1 Max inter-pass temp / Stabilisation I Run sequence 
Low heat input I TiNbVTa 1 Solution annealing ( Follow the WPS 
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WIS 5 Section 22 Exercises: 

1) Using the key words given overleaf and your understanding write a brief account of: 

a) The mechanism of Hz cracking in the HAZ of low alloy steels, indicating the 
various sources of HZ and briefly documenting its path to the HAZ and final 
expulsion from solution? 

b) How the martensitic structure is formed in the steel by rapid cooling from 
austenite? 

2) Describe the reasons why HSLA steels may suffer from Hz cracking in the weld metal? 

3) Describe the various methods used to control H2 cracking including the use of preheats 
and low hydrogen processes andlor consumables? 

4) Write a brief account of the mechanism and control methods employed when avoiding: 

a) Solidification cracking in fenitic and austenitic steels 
b) Lamellar tearing in steels 
c) Inter-crystalline corrosion in stainless steels 

3 )  From your knowledge of welding processes and consumables list the 4 welding processes 
for LCS (Lour Carbon Steel) in the table, as for decreasing levels of arc H2 content? 

a. FCAW Gas Shielded using a rutile flux cored LCS wire 
b. SAW using a LCS wire with a highly basicfine mesh agglomerated flux 
c. TIC using a LCS solid wire with argon shielding 
d. MIG using a LCS solid wire with argonfC0, shielding 

2 
3 - - 
4 - - 
5 Lowest Arc Hz content 

Welding Process 

6) List the 4 factors associated with occurrence of HZ cracking, indicating critical values? 

Arc HZ Content 1 

.-7 
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Practical Visual Inspection: (Prepared for CS WIP 3.1 Examination) 

The CSWIP (Certification Scheme for Welding & Inspection Personnel) examination 
scheme for welding inspectors consists at present of the following categories: 

CSWIP 3.0 Visual Welding Inspector 

CSWIP 3.1 Welding Inspector 

CSWIP 3.2 Senior Welding Inspector 

The CSWIP 3.0 3.1 and AWS CWI - CSWIP 3.1 Bridge examination contents and 
respective timings are given below: 

Exam 

CSWIP 3.0 

Practical butt welded butt joint in plate (Code provided) 

Time 

lhour 45 miilutes. 

Practical fillet welded T joint in plate (Code provided) 1 hour 15 minutes. 

Total time: 3 hours 

CSWIP 3.1 

Practical butt welded butt ioint in plate (Code provided) 

Practical butt welded butt ioint in pipe (Nominated code*) 

Practical assessment of 2 macros (Code provided) 

Theory Specific. (4 from 6 narrative questions1 

Theory General. (30 Multi choice questions) 

Oral. (Ouestions on code and general insvectionl 

1 hour 15 minutes. 

Ihoar 45 minutes. 

45 minutes. 

1 hour 15 minutes. 

30 minutes. 

15 minutes. 

Total time: 5hours 45 minutes 

* Nominated code is supplied by the candidate 

AWS CWI - CSWIP 3.1 Bridge 

Practical bun welded butt joint in pipe (Code provided) 

Practical assessment of 1 macro (Code provided) 

1 hour 45 minutes. 

25 minutes. 

Theory Specific. (1 long t 9 short narrative questions) 1 hour 20 minutes. 

Total time: 3 hours 30 minutes 
-- 
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Conditions for Visual Inspection: 

The conditions for visual inspection can are affected mainly by the following: 
1) Lighting. 

2) Angle and distance of viewing. 

Light: It is essential that there is adequate illumination (lighting) present during 
inspection and that the access and angle of viewing are suitable. RS EN 970 states that 
the minimum light conditions shall be 350 lux, but recommends 500 lux (similar to 
normal shop or office lighting). 500 lux is also the accepted minimum light Ievel for 
CSWIP Welding Inspection examinations. 

Angle and Distance: BS EN 970 also states that viewing conditions for direct inspection 
shall be within 600mm of the surface and the viewing angle (line &om eye to surface) to 
be not less than 30' 

It will be fairly obvious that increasing distance from an object will impair the ability to 
identify smaller areas of interest with any clarity, though it can also occur that too close a 
distance can detract from the overall picture of the weld. For general visual inspection of 
welds there is generally an optimum viewing range of 150 - 500 mrn where inspection 
can comfortably be carried out. Optical viewing devices such as magnifying lenses may 
be used during inspection to aid observation though the level of magnification allowable 
is generally given in the applied standard. In BS EN 970 the limits are set from 2x - 5x 
magnification. 

It should also be remembered that it is very good practice to carry out visual inspection 
using a variety of viewing angles as some imperfections particularly mechanical damage 
can only be identified when viewed in reflected light. 

This can be most easily seen when using the plastics training replicas supplied during the 
course the CSWIP practical examination where it is advisable to view all surfaces in 
reflected light, as it is often difficult to observe slight mechanical damage such as light 
grinding marks. or a slightly corroded surface when viewing only at 90° 
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For a candidate to make a respectable attempt at any practical inspection parts of the 
CSWIP examination helshe will need to be in possession of a number of important items 
at the exam the venue: 

1) Good close vision acuity. (Keen eyesight) 

2) Specialist Gauges and useful hand tools i.e. Torch, mirror, graduated scale etc 

3) Nominated Specification if applicable. PenciVpen, and a watch 

4) All examination report forms for the practical exams i.e. Macro/Pipe/Plate 
(Supplied to the candidate by the CSWIP exam invigilator) 

1) Good Close Vision Acuity 

To effectively cany out visual inspection a qualified CSWIP 3.1 Welding Inspector 
should possess close vision acuity of an acceptable minimum level, thus a test certificate 
of close vision acuity must be provided before examination in any CSWIP Welding 
Inspection, or NDT subject. It is also sometimes very important for an inspector to 
distinguish between contrasting colours in order to effectively interpret results of colour 
contrast penetrant, fluorescent penetrant and fluorescent magnetic particle inspection 
tests. Therefore all candidates for CSWIP examinations must also submit a colour 
blindness test certificate for the effected colours. Any vision certification dated over 6 
months previous to the exam date will not be acceptable to the CSWIP management 
board as any proof of the welding inspectors current vision abilities. All inspectors 
should be aware of the sudden decay of human visual abilities and should make every 
effort to attend a vision test at least twice yearly. Inspectors who use optical devices 
should regularly check that their aided eyesight has not further deteriorated below limits. 

2) Specialist Gauges 

A number of specialist gauges are available to measure the various elements that need to 
be measured in a welded fabrication including: 

a) Hi -Lo gauges, for measuring mismatch between pipe walls. 
b) Fillet weld profile gauges, for measuring fillet weld face profile and sizes. 
cj  Angle gauges, for measuring weld preparation angles. 
d) Multi functional weld gauges, used to measure many weld values. Page 23.41 23.5 

Types of gauges, their measuring ranges and accuracy are also detailed in BS EN 970 

3) Nominated Specification 

A full list of current applicable codes/standards/specifications for use during the practical 
pipe examination is given on Pages 18/19 of the CSWIP Doc CSWIP - WI - 6 - 92. Any 
relevant standard not listed may be presented for clearance/approval prior to the exam by 
submission to the CSWIP co-ordinator, giving sufficient time for this procedure. 
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THE TWI CAMBRlDGE MIJLTI-PIJRPOSE WELDKNG GAUGE 

A tool used in the close estimation of weld dimensions (Accuracy limitations) 

Adjusting screws. Linear scale (Root faceigap) Radial Scale. Linear Scale (Fillet throat) 

Linear and radial scales are given in mnl and inches, with angels measured in degrees 

Angle of Preparation 
This scale reads 0' to 60' in 5' steps. 
The angle is read against the chamfered 
edge of the plate or pipe. 

Fillet Weld Actual Throat Thickness 
The small sliding pointer reads up to 
2Omm, or 3/4 inch. When measuring the 
throat it is supposed that the fillet weld has 
a 'nominal' design throat thickness, as 
'effective' design throat thickness cannot 
be measured in this manner. 

Excess weld metal can be readily calculated by measuring the Leg Length, then 
multiplying by 0.7 

This value is subtracted from the measured Throat Thickness = Excess Weld Metal. 

Example: For a measured Leg Length of lOmm and Throat Thickness of 8 tnm 

:. 1OxO.7 = 7  :. 8 - 7 = 1 mm of Excess Weld Metal. 

- - - 
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Linear Misalignment 
The gauge may be used to measure 
misalignment of members by placing the 
edge of the gauge on the lower member 
and rotating the segment until the pointed 
finger contacts the higher member. 

Fillet Weld Leg Length 
The gauge may be used to measure fillet 
weld leg lengths < 25mm as shown. 

Excess Weld MetaVRoot penetration 
The scale is used to measure excess weld metal 

i I height or root penetration bead height of single 
sided butt welds, by placing the edge of the 
gauge on the plate and rotating the segment untif 
the pointed finger contacts the excess weld 
metal or root bead at its highest point. 

Undercut 
The gauge may be used to measure undercut by 
placing the edge of the gauge on the plate and 
rotating the segment until the pointed finger 
contacts the furthest depth of the undercut. 
The reading is taken in the - scale (left of zero) 
in mm or inches. 

///Magnification 
Fillet weld leg length size & profile gauge 
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4) Visual Examination Report Forms 

The requirement for examination recordsiinspection reports will vary according to 
contract and type of fabrication and there may not always be a need for a formal record. 
When a record is required it may be necessary to show that items have been checked at 
the specified stages and that they have satisfied the acceptance criteria. The form of this 
record will vary; possibly a signature against an activity on an Inspection Check List or 
Quality Plan or an individual report for an item. For individual inspection reports, BS EN 
970 lists typical details for inclusion as: 

a) Name of the component manufacturer b) Examining body, if different 
c) Identification of the object examined d) Material 
e) Type of joint f) Material thickness 
g) Welding process h) Acceptance criteria 

i) lmperfections exceeding the acceptance criteria and their location 

j) Extent of examination with reference to drawings as appropriate 
k) Examination devices used 
1) Result of examination with reference to acceptance criteria 
m) Name of exarniner/inspector and date of examination. 

When it is required by contract to produce and retain permanent visual records of a weld 
as examined, photographs, accurate sketches, or both should be made with any 
imperfections clearly indicated. 

In the CSWIP 3.1 examination of platelpipe, 3 report sheets are provided as follows: 

Plate or Pipe 
Page 1 o f  3: Details of weld and a dimensioned sketch of imperfections found within 

plate/pipe surface and weld face area. 
Plate or Pipe 
Page 2 o f  3: A dimensioned sketch of imperfections found within the platelpipe weld 

root area. Note: Inspection should include surface areas of the platelpipe 
on weld face and weld root sides on& and any observations recorded on 
the relevant sheet. Inspection should always be made from edpe to edpe. 

Plate or Pipe 
Page 3 o f  3: A final report form containing all relevant information from sheets 1 & 2, 

then a comparative assessment of the recorded imperfections with the 
supplied acceptance criteria. Any additional comments should be made 
of the reverse side of this sheet as duected. 
AN information (other than sketches) should be completed in ink onlv. 

Note that the datum points on sheets 1 and 2 supplied for the pipe inspection are 
quartered and identified as A - B - C - D - A (Pages 23.12113) 
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Pages 23.8 - 23.13 contain examples of completed inspection forms, as if using the set of 
acceptance criteria given below. This has also been provided for the evaluation part of 
your macro and plate inspection practice. 

All C S W  3.1 candidates should use their nominated code wherever possible (for both 
plate and pipe inspection practice) to gain as much familiarity as is possible with their 
code prior to the CSWIP examination. 

For Training Purposes Only 

WIS 5 Acceptance Levels for 
Butt Welded Plate & Macrograph Inspection/Evaluation 

Specification Number TW7 09-09-05 

All dimensions are given in millimetres 

~ e y :  0 = diameter. t = plate thickness. d = depth. h = height 
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Page 1 of 3 

$ i 1 Kame: [Block capitals] M i  i C Plenty Signature: I C P/f?n f)' B ?? 6 <" 

9 2 s.1 * I' 0 
7 E 2 l  CodeISpecification used: TWI 09-09-04 

Welding position: Flat /PA 

Test piece ident: 0 )  

Welding process: MMMSMAW Joint type: Single V Run 

Length & thickness of plate: 300mm x 10 mm Date 09-09-05 

B 
Lack of sidewall fusion & Undercut 
Incompletely filled groove Gas pore (Smooth) 

1.5 0 1.5 max d 
25 

30 

Slag inclusion 

Cap height: 4 mm. 
Weld width: 12- 14 mm 
Toe blend: Poor 
Misalignment: 2 mm 
Spatter along weld length ++ 
All dimension s given in mm 

Centreline crack 

Arc Strikes 



Page 2 of j EXAMPLE PLATE REPORT 

Root concavity 2 deep max 

Grinding Marks 

50 

Lack of root fusion i 3 ~  

Incomplete root penetration 
(With associated lack of root fusion) 

Penetration height: 4 mm 
Penetration width: 3-6mm 
Root toe blend: Smooth 
Linear misalignment: 2 mm 
All dimension s given in mm 
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Weld Report Sheet: 
EXAMPLE WELD INSPECTION REPORTISENTENCE SHEET 

Page 3 of 3 

PRINT FULL NAME I 
SPECIMEN NUMBER 001 

This **plate has been examined to the requirements of code/specification .T.W109:09:05 
and is %~w~@d/rejected accordingly. 

379- Signature ................................. .......... 

*Delete which is not applicable. 

9'h September 2005 ... Date ....................................... 

Use the other side for any comments. 

Comments: 

+ Request Penetrant NDT testing to confirm crack and true length. 
++ Large amount of spatter on weld face. Recommend cleaning, then re-inspection. 
+++ Recommend arc strikes are ground flush prior to MPI testing for crack detection. 

Seek advice on repair upon test results. 

This completes the practical Butt Welded Plate Butt .Joinl Inspection Assessment. 
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Page 1 of 3 VISUAL INSPECTION PIPE REPORT 

Name [Block capitals] I C PLENTY Signature Pipe Iden(# XL 001 

CodeISpecification used-I 09-09-05 Welding Process MRlA 111 Joint type V Butt 

Welding position HLO 45 Outside 0 & Thickness 300 X 15 Date 09-09-05 

WELD FACE 

Undercut 
(Smooth) 1.5 d max 

i B <: 

Slag Inclusion 

Cap height: 4mm 
Weld width: 12-14mm 
Toe blend: Poor 
Misalignment: Nil - 

Gas pore 
1.5 0 

I 
~ ~~ 

Cap height: 3 mm 
Weld width: 

-1 
12-14 mm 

60 

----- :t Lack of sidewall fusion and -- 

9 incompletely filled groove 

- 7  Cap height: 
Weld width: 

Misalignment: Nil Toe blend: Smooth Grinding marh 
Spatter dong weld length +r Misalignment: 2 rnm 

- 
& 
2 
2 w 
E 
0 

2 
_-___+ 

Toe blcnd: Poor 
Misal iment:  2 rnm 

y 22 1 
I I 

40 

Cap height: 3 mm Centreline crack --* 
Weld width: 12-14 m ~ n  
?'oe blend: Smooth 

Arc Strikes 
~Datte;alon~ weld length t k  

Key: 
d = depth 
0 = diameter 
All measurements are given in mm 

P.T.O. (FOR ROOT] 
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Page 2 of 3 

WEED ROOT 

Incomplete root penetration 
Root concavity x 2 d (With associated lack of root fusion) 

Penetration height: 2 mm 
Penetration width: 2 - 4 m m  
Root toe blend: Smooth 
Linear misalignment: Nil 

Penetration height: 2 mm 
Penetration width: 3 - 4 m m  
Root toe blend: Smooth 
Linear misalignment: 2 mm 

Pitting corrosion, 

20 

Lack of root fusion Bum-through 

. i  Penehation he ih t :  
Penetration height: 2 mm 
Penetration width: 3 - 4 m m  
Root toe blend: Smooth 
Linear misalignment: Nil 

I Penetration width: 3 - 6 m m  
Root toe bltnd: Smooth 
Linear misalignment: 2- 
Heavy pitting corrosion ++++ 

Key: 
d = depth 
All measurements are given in mm 
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Weld Report Sheet: Page 3 of 3 

EXAMPLE WELD INSPECTION REPORTISENTENCE SHEET 

PRINT FULL NAME Plenty 
SPECIMEN NUMBER XZ, 001 

Face Defects 
EXTERNAL DEFECTS I Defects Noted I Code or Specification Reference I 

TWZ 09-09-05 .......................... This *pipe&b+&as been examined to the requirements of code/specification 
and is ;iaeoepCed/rejected accordingly. 

9'" September 2005 Signature Date ................................................. 

"Delete which is not applicable. 

Comments: 

Request Penetrant NDT testing to confirm crack and true length 
+ Large amount of spatter on weld face. Recommend this is removed and re-inspected 

+++ Recommend arc strikes are ground flush prior to MPI testing for crack detection. 
Seek advice on repair upon test results 

++++ Heavy pitting corrosion 150 x 50 mm. Remove scale, brush clean, then re-inspect. 

This completes the practical Butt Welded Pipe Butt Joint In.~pection Assessment. 
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