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 ESAB Engineering production plant
 3 Friction Stir Welding – New technology changing therules of the game in Al construction.A summary of Friction Stir Welding applications in differentindustrial segments and a presentation of the tool design forsimultaneous welding from both sides of a joint in FSW.
 7 Welding spherical tanks made of 9% nickel steel byTISSOT in France. A case story.Description of the construction of two spherical ethylene tanksin France.
 11 Off to the Caribbean, the largest cruise liner in the worldHuge welding job on the largest cruise liner in the world, builtat Kvaerner Masa-Yards in Finland.
 14 Take advantage of the new magnetic pulse weldingprocessAn innovative new welding process with many benefits
 17 Increased production by using SAW cored wireManufacturer of expansion profiles for bridges achieved a 50%increase in production essentially by using SAW cored wire
 19 Aluminium welding in shipbuildingMarine gearbox casings manufactured with weldingconsumables and pulsed current power sources from ESAB
 21 Development in welding power source improveswelding performance and qualityReduction in weight and size and the most advanced computersoftware causes a radical change in the performance of newwelding equipment.
 24 Tandem MIG/MAG weldingOne of the most successful, high-efficiency welding methods inuse today.
 29 Marathon Pac™ – Bulk pac for welding wireThe ideal solution for mechanized welding – ESAB MarathonPac™, now in two sizes.
 32 MIG welding of heat-resistant ferritic steels with coredwire electrodesESAB cored wires perform outstandingly when welding inconstrained positions and can guarantee low hydrogen contentsin the weld metal
 36 Productive welding solutions with user-related robotmanufacturing cellsESAB can now offer welding solutions with selected robotmanufacturing cells in central Europe.
 38 Stubends & SpatterShort news
 42 Efficient welding of supermartensitic pipes withmatching metal cored wiresESAB OK Tubrod 15.53 and OK Tubrod 15.55 offerproductivity benefits and excellent side-wall penetration andproduce high-quality welds.
 47 Aluminium welding within the automotive industryThe physical properties of aluminium in conjunction with thedeveloping environmenal issues makes it the popular choice ofengineers and designers for a variety of automotive applications.
 51 Look at deposition rates in SAW now!Reports on the deposition rates of different SAW processvariants.
 58 Flash butt weldingAfter almost 60 years flash butt welding is still state of the art insome applications.
 62 Electroslag strip cladding for corrosion resistanceA description of several technical and economical details thatshould be taken into consideration by the user of the electroslagstrip cladding process.
 68 Welding in the chemical industryThe chemical industry is the typical field of application forchemically-resistant steels, formerly known as corrosion-resistant or simply stainless steels.
 73 Laser welding – will it have any significant impact onwelding?Due to an increasing demand for laser welding ESAB can nowoffer complete laser welding plants.

Page 3
                        

Svetsaren no. 2-3 • 2001 • 3
 Friction Stir WeldingNew technology changing the rules of the gamein Al construction
 by Lars Göran Eriksson and Rolf Larsson, ESAB Automation & Engineering, Laxå, Sweden
 Since its invention by TWI in the UK in 1991 (patent from 1992), the Friction StirWelding process has been applied in all the major industrial segments usingaluminium and aluminium alloys. The process itself and the tool technology havealso been further developed for increased welding speed and have been adaptedto match different welding tasks.
 One major breakthrough is the development of simul-taneous welding from both sides of a joint, therebyexcluding the need for a backing bar and simplifyingthe welding of hollow profiles. One special variant ofthis technology is the bobbin tool design, which can, forexample, be used when the backside of the joint is notaccessible or to simplify fixturing.
 The first FSW applications were straight welds.Subsequent applications include two- and even three-dimensional welding tasks with or without an externalaxis.
 This article briefly presents the tool designs forsimultaneous welding from both sides of a joint andsummarises applied FSW machines and plants indifferent industrial segments.
 For information about the basic FSW technologyand metallurgical aspects, reference is made to articlesin Svetsaren Vol. 54, No. 2, 2000, where other referencescan also be found.
 Figure 1. FSW machines with double head at ESABs testcentre in Laxå, Sweden, before delivery to TowerAutomotive, USA.
 Figure 2. Bobbin tool in a test set-up. The two toolshoulders are in position before welding starts.
 Simultaneous two-side weldingWelding hollow profiles to panels with one FSWwelding head of original design meant that thecomplete panel had to be turned after welding the firstside and the other side then had to be welded in thesame or a second machine. One of the many advantagesof FSW is that welding can be performed in anyposition using the same welding parameters and thesame excellent result can be obtained.
 Both of the units that have been installed at Sapa inSweden have double heads to weld hollow profiles tosmall panels for the automotive industry, as well aslarge panels for the roof and side walls of railwaywagons, for example.
 The double-head system can also be used for thesimultaneous welding of butt joints with materialthicknesses of up to 30 mm or thereabouts.
 The need for rigid fixturing naturally remains inorder to keep the parts to be welded in position. Thelower head has a firm position in relation to thebackside of the fixture (i.e. the workpiece), while theupper head is position or force controlled.
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 The double-head system applied in a laboratorymachine for Tower Automotive in the USA is shown inFigure 1.
 The principle of bobbin tool technology is to haveboth tool drives on the same side of the joint, i.e. theback tool shaft passes through the upper hollow toolshaft and upper tool. Before applying the back toolshoulder, a hole has to be drilled through the workpieceif a run-on tab cannot be used.
 Figure 2 shows a bobbin tool in a laboratory set-up.Both shoulders are in position before welding starts.During welding, the two shoulders are pressed againstthe workpiece surfaces with a set force.
 Friction stir welding applicationTo date, applications in aerospace include the productionof fuel tanks for the Delta II and Delta IV rockets at TheBoeing Company, USA. The four units that have so farbeen delivered cover longitudinal welds with a length ofup to 15 metres using the conventional technique andcircumferential welds using bobbin tools for tanks with adiameter of 2,500 mm.
 At Boeing’s central research centre, one machine forlongitudinal and circumferential FSW welding and onebobbin tool set-up have been supplied for R&D work
 and for testing the welding parameters for the fourproduction machines.
 The production time for a tank is dramatically reducedand the price difference between FSW and riveting is afactor of somewhere in the region of 1:5. More parts onrockets are being evaluated for future production.
 A number of different applications in the com-mercial and military aircraft Industry are underevaluation; they include carrier beams, floors and wholebodies and wings. Tests are being conducted in thedifferent laboratory machines all over the world.
 In shipbuilding, Friction Stir Welding has beenestablished since 1996 in the Marine Aluminium (todayHydro Marine Aluminium) plant that has producedpanels and complete structures for fast ferries.Nowadays, the structures above deck on cruise linersare also Friction Stir Welded aluminium panels. Thesepanels can be supplied by either Marine Aluminium orSapa, Sweden, a company which also has a dedicatedpanel welding FSW plant, which was delivered in 1999.
 The greatest advantages are flat, straight panels(very low distortion) produced in a rational manner.
 In the offshore segment, Hydro Marine Aluminiumhas produced living quarters for oil rigs and is using theFSW method to produce heavy H-beams used in helidecks and other offshore applications.
 Figure 3. Production station for the FSWwelding of circumferential seams with abobbin tool for Boeing, USA, Delta II tanks.The yellow part is the welding head and thetwo blue rings are fixtures.
 Figure 4. The first installation at HydroMarine Aluminium, Norway, has now been inproduction for more than four years and hasproduced about 250,000 metres of defect-free welds.
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 In rail transport, Hydro Marine Aluminium iswelding roofs for inter-city trains for LHB in Germany.Sapa is delivering panels built up from standard-widthhollow extrusions for Alstom France.
 In the future, other parts of the train body will beproduced using FSW, thanks to the lower price of thestandard-width extrusions that can be used and joinedto any width at the FSW station.
 In the automotive industry, there is a great deal ofactivity in different areas, but as yet there are fewinstallations for series production. Sapa Sweden isproducing seat frames in a fully automatic line.
 One machine has also been delivered to TowerAutomotive in the USA. It is used in the laboratory butwill probably be moved into production at a later date.
 In the automotive segment, FSW is ideal, thanks tohigh-quality welds and low production costs.
 Examples of ESAB deliveries to segments other thanthose listed above include the following.
 • Plant to Hydro Aluminium Profiles in Norway forthe mass production of electrical motor houses. Theplant is complete with handling equipment andfixtures. There is one fixture for each motor type andthe motor houses are produced in final lengths and
 Figure 6. The rational production of seat frames for cars atSapa has two side-welding heads. The cycle time is lessthan one minute. The material-handling robot feeds thestation with extruded parts and removes the finishedwelded parts. By May 2001, this plant had produced morethan 400,000 metres of welds.
 Figure 5. FSW welding gantry at Sapa, Sweden, including two upper and one backside welding head. The picture alsoshows the material-handling conveyors for feeding in extruded profiles and feeding out straight or curved panels.
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 within the set tolerances for diameter and shape. Theplant is equipped with an extra welding stationwhere straight workpieces with a maximum length ofthree metres can be welded.
 • Welding gantry for The Welding Institute, UK,covering a working envelope of 5x8 m at a maximumheight of 1.75 m. In this machine, R&D work, testwelding and pre-production will be carried out. Thegantry is equipped with two welding heads, one high-speed and one heavy-duty head. The machine has a3D control system permitting 2D welding and,together with an optional actuator, 3D welding isalso possible. The gantry is also prepared for a futurearticulated arm-mounted FSW head.
 • Welding gantry for DanStir ApS, Denmark, coveringa 3x5x0.6 m working envelope and on five metres ofthe ten the workpieces can be up to 1.450 mm high.The machine is going to be used for R&D, testwelding and pre-production, as well as small seriesproduction. The gantry is equipped with a heavy-duty welding head and a 3D welding control system.
 • Lab unit co-owned by EADS, France, and InstituteSoudure, France. The machine is equipped with abobbin tool head and manages both longitudinal andcircumferential welds. Furthermore, it is equippedfor the 3D welding of workpieces with a large radius.
 ESAB also has two purpose-built FSW machines, onesmall exhibition machine that has been on tour aroundthe world and one lab unit for R&D work and forcustomer tests.The exhibition machine is equipped withfixtures for both longitudinal and circumferentialwelding. The lab unit has a heavy-duty welding headand is equipped with a powerful hydraulic clampingsystem to produce realistic test welding. The workinglength is a maximum of 2 metres.
 ConclusionFriction Stir Welding is a new welding technology thathas been applied in rational production within anextremely short space of time. In the future, FSW willcontinue to expand in every area in which aluminiumand aluminium alloys (including lithium andscandium), copper and copper alloys, magnesium andso on are used.
 There will also be niche applications in steel andtitanium. R&D projects are also ongoing, with the aimof developing new materials that are composed to takeadvantage of this new non-destructive joining method.
 Manufacturers will start to take advantage of themethod in their designs.
 Equipment and tools will be further developed tomeet new demands and will be standardised as thenumber of machines and units increases. However,there will also be extensive requirements in the futurefor flexible solutions and special engineering toproduce fixturing and rational production solutions.
 Figure 7. The picture shows an installation for HydroAluminium Profiles, Norway, during final testing beforeshipment from the ESAB Laxå Plant. The task is thewelding of complete motor housings from four extrudedsegments.
 Figure 8. In 2001, ESAB supplied an advanced andversatile FSW plant to TWI, UK, to perform R&D and testwork in a European project (EuroStir™) and for other tasks.Working range 5 x 8 metres within a maximum workpieceheight of 1.75 m. 3D welding is possible.
 About the author
 Lars Göran Eriksson, MSc Electrical Engineering, joinedESAB in 1973 and has since held different managementpositions at ESAB within Business Area Automation &Engineering. He is currently site manager at ESAB Laxåin Sweden.
 Rolf Larsson, Mech Eng, has more than 20 yearsexperience of the mechanical design of welding machinesand plants and is now technical manager at the marketingand sales group, responsible for FSW and resistancewelding techniques in Business Area Automation &Engineering, ESAB Laxå. Rolf Larsson holds a numberof patents within Friction Stir Welding technology.
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 Welding spherical tanks made of 9%nickel steel by TISSOT in France.A case story.by Jörgen Strömberg, ESAB AB, Göteborg, Sweden
 Hydrocarbon processing can be defined as the treatment of gaseoushydrocarbons for the production of fuels and chemicals such as plastics, fertilisersand pharmaceuticals.
 Table 1 shows the temperatures and materials forstoring these gases at atmospheric pressure.
 The transportation of methane (LNG) takes place inliquefied form at – 170°C.
 In process plant of moderate thickness, impact-testedcarbon steel is used at temperatures down to -50°C.Thecorresponding figures for 3.5 or 5% nickel steel arebetween –50 and –120°C, 9% nickel steel andaluminium or stainless steel down to –196°C andaluminium or stainless below this temperature.
 Materials and weldabilityNickel improves quenchability and notch toughness atlow temperatures. The optimum microstructure andmechanical properties are obtained by carefully-
 Table 1. Storage temperatureand materials for liquefiedgases at atmosphericpressure.
 Gas Storage temperature °C Material
 Butane 0 to –10
 Ammonia -33 Fine-grained carbon steel
 Propane -45 to –50
 Ethane -90
 Ethylene -105
 Methane -162 Ni-alloyed steel, aluminium steel
 Oxygen -183 or austenitic CrNi steel
 Nitrogen -196
 Table 2. Typical properties 1)for cryogenic nickel-alloyedsteels
 ASTM A203 GrE ASTM A553Gr 1EN 10028-4 12Ni14 EN 10028-4 12Ni19 EN 10028-4 X8Ni9
 C max % 0.15 0.12 0.13
 Mn max % 0.8 0.8 0.9
 Ni % 3.5 5 9
 Rp MPa min 345 390 585
 Rm Mpa min 490-640 530-710 680-820
 Charpy V Joule >27 –100 °C >34 -120 °C >70 -196 °C1) The properties depend upon the thickness and heat treatment
 During processing, transportation and storage, thesegases are frequently liquefied to reduce volume. Themost impressive welded structures may well be thelarge LNG storage tanks and the beautiful LNGtankers crossing the oceans.
 A number of petrochemical processes are performedin part at subzero temperatures. In ethylene plants, forexample, the product is separated at low temperatureand equipment may be subjected to temperatures aslow as –120°C. Ammonia is separated from synthesisgas at –35°C.
 The distillation of liquid air for oxygen and nitrogenproduction requires temperatures as low as – 196°C.
 The storage and transportation of liquefiedammonia, propane, butane, ethane, ethylene, methane,oxygen and nitrogen takes place at low temperature.

Page 8
                        

8 • Svetsaren no. 2-3 • 2001
 Table 3. SMAW electrodes forwelding 5% and 9% nickelsteels
 SMAW SMAW SMAW
 OK 92.55 OK 92.45 OK 69.25
 Basic AC/DC Basic DC + Basic DC +
 AWS ENiCrMo-6 AWS ENiCrMo-3 EN 1600 E 20 16 3 Mn LB 42
 C % <0.08 <0.03 <0.04
 Mn % 3 0.4 6.5
 Cr % 13 21 19
 Ni % 70 64 16
 Mo % 6.5 9.5 3
 W % 1.5
 Nb % 1.3 3.3 N=0.15
 RpMPa 450 480 450
 RmMPa 710 780 650
 Charpy V Joule –196 °C 80 50 50
 Lat. Exp.mm 1.0-1.5 0.9 >0.5
 Schematic drawing of one spherical tank inside the outerprotective concrete containment cylinder and an externaloutside view of the construction.
 controlled heat treatment in the production of the steeleither by quenching + tempering, QT, or by doublenormalising + tempering, N+N+T, for 9% nickel steel.
 The 3.5% nickel steels are mostly used in the QTcondition. The consumables either have the samechemical composition, E 8018-C2, or nickel-based weldmetals.With a matching composition, the properties arevery sensitive to the welding technique and thepreheating and interpass temperature and PWHT
 (620-730°C) are really critical. Hydrogen-inducedcracking can occur in the HAZ or weld metal becauseof the high hardenability. Using a nickel-based weldmetal reduces the risk of cold cracking.
 The 5% nickel steels have improved low temperatureductility down to –120°C and also have higher strengththan the 3.5 % nickel steels and good weldability. Theyare welded with austenitic CrNi weld metals or withnickel-based consumables.
 The 9% nickel steels offer a combination of veryhigh strength and high impact resistance down to -196°C, plus very good weldability, and are welded withnickel-based consumables to obtain adequate strengthand ductility. The 9% nickel steels are not usuallysensitive to any type of cracking during and/or afterwelding. Cold cracking in the HAZ has not beenreported. The steel displays little or no deterioration inproperties with the heat inputs normally used duringwelding with the procedures described later. The heatinput should not exceed 3 KJ/mm and the interpasstemperature must be limited to a maximum of 100-150°C. A small increase in hardness is obtained in theHAZ due to changes in the structure by the thermalcycle.
 Case history, welding ethylene tanks by
 TISSOT S.A.Ethylene is one of the most important gases and it ismainly used to produce recyclable and chloride-freeplastics. The transportation and storage of liquidethylene has been expanding sharply all over the world.This article describes the construction of two sphericalethylene tanks in France in 1999 by TISSOT S.A.
 TISSOT S.A. is a French family company in Podensac(Bordeaux close to Sauternes) which specialises in thedesign and manufacture of pressure vessels and processequipment. The company also has a workshop in St.Nazaire and site maintenance in Petit-Couronne, Alizay,Le Havre and Berre.
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 Welding Procedure Record of the test welds.
 In 1999,TISSOT received a contract to construct twospherical ethylene storage tanks to be erected in Berrenear Marseille.The volume per sphere is about 1,300m3 and the minimum service temperature is – 104°C.To begin with, the customer (an international chemicalcompany) was planning to make the spheres from 3.5%nickel steel because of the material cost.
 TISSOT invited ESAB AB at an early stage todiscuss the welding of these spheres and a meeting wasalso organised with the Belgian steelworks Usinor-Fabriques de Fer, which specialises in manufacturingcryogenic nickel steels. After taking account of all the
 aspects relating to welding, material costs, weldingoperations, preheating and PWHT, it was concludedthat nickel-based or austenitic CrNi weld metal was areliable alternative.
 Five per cent nickel steel is frequently used forethylene storage tanks.
 Having studied all ESAB AB’s references involvingwelded 9% nickel steel tanks, TISSOT, however,decided to study alternative technical and economicalsolutions with a base metal of 5% nickel steel and 9%nickel steel. TISSOT discussed a change of basematerial with the customer, who also became interested
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 Table 4. Mechanicalproperties of the X 50°/65°joint 3G
 Longitudinal tensile test Transverse tensile test
 Rp0.2 N/mm2 Rm N/m2 A5 % Rp0.2 N/mm2 Rm N/mm2
 491 774 36.3 510 661*
 436 741 36.1 495 663**) Broken in the base metal
 in this proposition, and 9% nickel steel was finallyselected.
 For these spheres with their high design pressure, 9%nickel steel offered an attractive solution. This alsoenabled the wall thickness to be substantially reduceddue to the higher material and weld strength.
 Due to the design of the spheres and the difficultyinvolved in mechanising the welding, it was decided touse only SMAW welding and welding from both sides.MIG welding would be difficult on site because of thegas shield and the fact that 9% nickel steels are alsoeasily magnetised and create arc blow.
 The material thickness was calculated to be between32.7 to 38 mm and the design pressure is 25 bar.
 The spheres are refrigerated and the liquid gas isstored at atmospheric pressure, but the calculation isfor safety in the event of cooling failure.
 OK 69.25 is an austenitic electrode used for 5%nickel steel and for 316LN chemical/ethylene tankers.OK 92.45 and OK 92.55 are used for both 5% and 9%nickel steels.OK 92.55 is often preferred becausewelding on AC simplifies the welding of 9% nickelsteel. Furthermore, the ductility is higher and the tensilestrength is satisfactory. OK 92.45 has the higheststrength and offers advantages when welding in theoverhead position.
 Electrodes are supplied in vacuum-packed plasticboxes which guarantee that the electrodes are dry anddo not need to be rebaked before welding.
 The electrodes were test welded by TISSOT in theirwelding shop and OK 92.55 was found to be easy toweld and suitable for positional welding.Welding wasrequired in the 3G, 1G and 2G positions.
 The tanks were constructed according to CODAP 95rev.97/12 (French code for pressure vessels). Thehighest level of quality was required for theconstruction.
 Welding Procedure Qualification: TISSOTrequirements for the properties of the weld and allweld metal were Rp> 430 Mpa, Rm> 680 Mpa and KV(–104°C) > 50 J.
 TISSOT decided only to use electrodes with adiameter of 3.25 mm and 4.0 mm. CODAP requiresboth a transverse prismatic tensile test of the full platethickness NF EN 895 and a longitudinal cylindricaltensile test, diameter 10 mm, according to NF EN 876 ofthe weld metal. The welds were to be made in the 9%nickel steel plate in question and with the joint
 preparation to be used in the production of the spheres.All weld metal tests, including impact tests, are alsorequired.
 The WPR of the test welds with the weldingparameters used are given in Figure 1 and Figure 2. Asummary of the test results can be found in Table 3.
 Before the welding of the spheres, a specialist welderfrom ESAB went to TISSOT in Podensac to assist inthe training of all the welders to use OK 92.55 in therelevant types of joint.
 The cutting, joint preparation and forming of theplates was done in Podensac and, by using weldingmanipulators, most of the shop welds to make largersections were carried out in the 1G position.Sphereswere assembled and welded on site without anypreheating or PWHT.
 Six production control test plates for each spherewere produced and the mechanical characteristicsconformed with the code requirements. No magneticarc blow was detected and these electrodes have beenused in AC with a low interpass temperature betweeneach weld run. The weldability was regarded as verysatisfactory by the welders.
 AcknowledgementAcknowledgement to Mr Pierre Lameloise QAManager TISSOT SA and his collegues for theirconsent to let us publish this article and for providingvaluable information and photos. Also we thank MrPhilippe Varin Product Manager ESAB France for hishelpful assistance.
 Table 5. All weld metalproperties Ø 3.25 mm
 Rp0.2 N/mm2 Rm N/m2 A5 % Temp°C Joule
 481 721 41.2
 482 721 37.4 -104 97, 95, 94
 About the author
 Jörgen Strömberg, M.Sc has worked for more than 30years in the welding and Metallurgical Industry of whichabout 25 years with ESAB.He has also been working in ASEA Material ResearchLaboratory and in Höganäs Metallurgical Division.
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 Order for three shipsIn November 1996, Royal Caribbean Cruises Ltd. andMasa-Yards agreed on the objective of building one orpossibly two cruise liners at the new shipyard in Turku.The contract for the first ship was signed in January1997 and the option to buy a second ship became aconfirmed order in March 1997. At the same time, anoption to buy a third ship was agreed on and it wassubsequently ordered in January 1998.
 The production of the first ship started in September1997 and the launch took place on 27 November 1998.Now complete, she is already being used for luxurycruises in the Caribbean. The ship was named theVoyager of the Seas.
 The second of the sister ships, the Explorer of theSeas, was delivered in September 2000 and the third,the Adventure of the Seas, will be delivered in theautumn of 2001. The total cost of these three ships is an
 enormous EUR 1.4 billion (£850 million) and 80% ofthe materials and labour come from Finland.The familyof ships is what is known as an Eagle series.
 So the cost of one ship works out at about EUR 0.5billion (£283 million). The building of the third shipstarted at the end of August 1999 and her steel workwill be ready in December 2000. The directemployment impact of one ship is about 15,000 man-years, the majority of which are being done by Finnishshipyard workers and external small and medium-sizedsubcontractors.
 Huge welding jobIf the ship is luxurious, it follows that the welding workis huge. The steel in the ships hull weighs more than25,000 tonnes and only accounts for about 10% of hertotal cost. The ship is made up of about 300,000individual steel components (plates, beams and so on).
 Off to the Caribbean, the largest cruiseliner in the world!by Juha Lukkari, ESAB Oy, Helsinki, Finland
 The worlds largest, most beautiful, most luxurious and most expensive cruise linerwas delivered to her purchaser, the US shipping company Royal CaribbeanCruises Ltd., on 29 October 1999 at Kvaerner Masa-Yards New Shipyard in Turku.
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 welding stations, the stiffener welding station, T-beammanufacturing stations and with tractors. The processesused are single wire, twin-arc wire, tandem and threewire. Most of the wires are solid, but some submergedarc welding is carried out with cored wire.
 Some stick electrodes are still required, as theconsumption figures show. Electrodes are mainly usedfor all kinds of outfitting welding.
 Standard MAG welding with solid wire is not used atthe shipyard and in fact never has been. As weldingtechnology developed, the shipyard moved directlyfrom electrode welding to MAG cored-wire welding;the change mainly took place during the 1980s.
 Hundreds of tonnes of aluminium were used on thetop decks, which were welded almost exclusively usingthe MIG process. The aluminium alloys are AA 5083(AlMg4.5Mn) and AA6082 (AlMgSi1).
 The most important and widely used ESAB weldingconsumables were, in order of importance:
 Positional, rutile cored wire PZ 6113Metal-cored wire OK Tubrod 14.12Stick electrode OK 48.00Submerged wire OK Autrod 12.22Submerged flux OK Flux 10.71Aluminium wire OK Autrod 18.16
 Cruise liner steel plates are thinThe steel comes from Rautaruukkis steel mill in Raaheand the steel is mainly standard NVA grade ship-building steel with a yield strength of 235 N/mm2. Atcertain points, a stronger NV36 grade steel has beenused. The ship has 18 decks, with 15 in passenger use,and their plate thicknesses generally vary between 5.5and 6.5 mm. The bottom plate of the hull is 25 mmthick, thinning out to 15 mm towards the top.
 Welding developmentThe shipyard has its own welding laboratory, which
 Steel work in the dining room under construction and fullyfurnished.
 Partial plan of the ships cross-section and the variouswelding processes used to weld the main deck andstructures above and below it. (FCAW: MAG welding withcored wire, SAW: submerged arc welding and SMAW:manual metal arc welding)
 Some 450 welders are currently working at theshipyard. The ship is classified by Det Norske Veritas(DnV).
 Well over 500 tonnes of welding filler metals wereused on the ship with the following breakdown betweenthe various welding processes:
 MAG welding with flux-cored wire 67%Manual metal arc welding 17%Submerged arc welding 13%Others 3%
 The similar ships involved in the order make up a smallseries and therefore facilitate production in a numberof ways: the same job instructions, fasteners, protectivecanopies and so on, as well as training and experiencein general.
 Cored wire rulesCored-wire welding is the most widely used process, asthe consumption breakdown shows. The process isalready being used almost to its maximum. All thecored wires are welded with shielding gases, eithermixed gas or carbon dioxide, so the principal weldingprocess is MAG welding with cored wire. It is per-formed both manually and by utilising various mecha-nised carriers (rail-mounted and tractor carriers), othermechanised equipment and robots.
 Submerged arc welding is carried out at a number oflarge work stations and lines, including one-sided
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 comes under Masa-Yards Technology Unit. It is con-stantly developing welding and welding processes. Itsgreatest achievements so far have been made in thedevelopment of aluminium welding in LNG tankers,which we have had the opportunity to read about inmany trade publications and the media.
 The shipyard monitors welding technology develop-ment closely and selects any new solutions or processesthat are applicable for its operations. Much interest iscurrently being shown in laser welding in its variousforms and in friction stir welding. ESAB also organiseda welding seminar at the shipyard in October 1999which dealt with laser welding and friction welding, ofwhich there is an overview elsewhere in this magazine.
 Main specifications of the Voyager of the Seas
 Max. length 311.1 mMax. width 48.0 mDraught 8.6 mMax. height 63 mGross tonnage 137,300 tnShip’s total weight 55,000 tnPassengers 3,840Crew 1,180Cruising speed 22 knots
 Did you know...The Voyager of the Seas has• 5,500 fire alarms• 15,500 seats• 50,000 m2 of carpets = 5 hectares = over 100 basket-
 ball courts or 10 football fields• an ice rink and a full-sized basket-ball court• a climbing wall with the top 60 m above sea level• 757 outside balconies• the largest cabin of 107 m2 with a grand piano• 65,000 light fittings• 8 km of neon lights• about 3,000 books in the library
 • 400 game & slot machines• 31,000 litres of water in her aquaria weighing 56,000 kg• 3,000 km of electrical cable (compared with the 2,977
 m by road from Helsinki via Berlin to Rome (!)• generator capacity of 110 MW (as compared to the
 59 MW power plant in a city with 172,000 inhabi-tants)
 • a length of 311 m, which is equal to a 17-carriagetrain or four Boeing 747s
 • a godmother, the Olympic figure-skating championKatarina Witt
 • the ability to travel sideways at a speed of threeknots.
 The most expensive day on the ship costs about EUR1,000 (£630) and even the cheapest one costs aboutEUR 200 (£115), so cruising does not come cheap.Cruises departing from Miami last one week initially.
 AcknowledgementsMany thanks to the management of the shipyard forallowing us to write this article and especially towelding engineer Pasi Hiltunen, who answered all ourquestions and gave us information about welding theship.
 About the author
 Juha Lukkari, M.Sc. (Eng.), joined Oy Esab in Helsinki,Finland, in 1974, after graduating from the HelsinkiUniversity of Technology. He has since held differentpositions and is currently head of technical customerservice.
 Cross-section showing the sumptuous interior
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 Take advantage of the new magneticpulse welding processby Victor Shribman
 This innovative solid state “cold” welding process gives you the following benefits:• Welds stronger than the weaker of the welded metals• Cold weld in less than 100 msec• Welds dissimilar metals• Welds conventionally unweldable materials, such as Al7075.• No HAZ• No filler metals, no gases• A “green” process
 The bond that is produced is a true metallurgicalbond and is very strong, usually stronger than theweaker of the two materials that are being bonded.
 The magnetic repulsion effect used in MPW hasbeen known since the late 1950s, when attempts to usestrong magnetic pulses for nuclear research firstunveiled the phenomenon of coil shattering.
 The process is precisely controllable and repeatable.
 The processThe basic principle of the magnetic pulse system isillustrated in Figure 1. A high current is discharged (3)through a coil (2), creating an eddy current (5) in theconductive workpiece (4). Repulsion between the twomagnetic forces creates pressure (1) and accelerates theworkpiece into a new configuration (6).
 The two magnetic fields that are generated stronglyrepel one another with a force that is proportional tothe square of the discharge current. As a result, theworkpiece moves away from the coil at very high speed,pushing the metal well beyond its yield strength andinto its plastic region. If the conditions are correct, i.e.plate velocity, collision point angle and collision pointvelocity, the jetting of the surface layers at the collisionpoint occurs, resulting in a weld (see Fig. 3).
 IntroductionMagnetic pulse welding is basically a solid state weldingprocess, in which bonding is produced by an oblique,high-velocity collision between the two bodies that aregoing to be welded. This collision causes a metallic jetto be ejected from the point of impact, carrying with itthe contaminated surfaces of both bodies and leavingbehind clean, virgin surfaces which are broughttogether under pressure to form a continuous weld.
 Figure 1. Basic principles
 Coil (a current is discharged through the coil)
 Magnetic pressure (tubes are moved awayfrom the coil at tremendously high speed)
 Magnetic fields (repel one another powerfully)Inner tubeOuter tube
 Figure 2. Magnetic fielddistribution
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 The main MPW process parameters are the shockangle ? and the collision point velocity, Vc. Both aregoverned by the spatial shape of the magnetic field,which governs Vr. In this case, Workpiece 1 displaysmomentary angle g relative to Workpiece 2.
 EquipmentA basic schematic layout of the equipment is shown inFig. 4. Each operation includes a charge/dischargecycle. When the switch is open, the voltage preset toproduce the required energy for the pulse is built up inthe capacitor. On closing the switch, current flowsrapidly from the capacitor through the operating coil,causing magnetic flux to expand rapidly and radiatefrom the coil windings.
 Figure 5 shows the power source with its coil, whichmust be close to it toe keep the electrical reactance aslow as possible.
 Figure 3. Process parameters
 Figure 4: Basic schematic layout
 Some of the similar and dissimilar materials with numerous dimensions and combinations that may be welded by MPW
 Figure 5: A 20kJ magnetic pulse machine
 Figure 6.Geometries usedin MPW
 Magnesium S.Steel Nickel Titanium Steel Zirconium Molybdenium Brass Copper Aluminium
 Aluminium • • • • • • • • • •
 Copper • • • • • • • • •
 Aluminium • • •
 S.Steel • • •
 Nickel • • •
 Magnesium •
 MaterialsMPW has been applied to a number of materialdimensions and combinations. The range of thecombinations that have so far been welded using MPWis shown in the following table:
 Available tubular weld geometriesFig 6 shows the geometries used in MPW. They aretypically lap joints. To date, work has concentrated onthe welding of round, elliptical and rectangular sectiontube-to-tube and tube-to-bar welds. In theory, MPWcan also be used for welding flat areas. However, thistype of joint has not yet been developed to acommercial level.
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 Some applicationsA wide range of tubular materials have been joinedusing MPW technology with the combinations shownabove in Table 1.A few examples of them are illustratedby the following figures:
 Some metallographic sections of steel-to-steel andaluminium-to-aluminium weld interfaces from weldeddriveshafts are shown in Figures 11 and 12.
 The magnetic pulse welding method is in its infancystage and the applications shown above will certainlycreate many new ideas on applications for thisrevolutionary joining technology. The magnetic pulsewelding process can also be used for
 • forming• perforating• punching• cutting
 which is not covered in this article.
 About the author
 Victor Shribman is born in N. Ireland. He received B.Sc.(hons.) Mechanical Engineering and a Ph.D. inMetallurgy at The Queen’s University of Belfast, N.Ireland. Mr Shribman has wide experience in the aero-space industry, especially the fields of welding, brazingand plasma coatings.He has published more than 40 research papers in thefields of explosive welding, magnetic pulse welding, EBWand plasma coatings.Holds a UK patent in EW.
 Figure 10 shows a thickwall aluminium 6061-T4material welded to a1020 steel tube.
 Figure 7a shows weldedtubes of Al to Cu, brass,steel and to itself. Figure7b shows Cu to Cu andCu to brass.
 Figure 12Al 6061-T6weldedinterface atdifferentmagnifications.
 Figure 11. Steel to steel weld microsections.
 Figure 8 a and b showsaluminium fuel filters forthe automotive industry.
 Figure 9 a shows a steel(1020) tube welded to aforging steel (1141) foran automotive driveshaftapplication.
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 50% more!Increased production by using SAWcored wireBy Martin Gehring, ESAB GmbH, Solingen, Germany
 We’ve all seen them, haven’t we? The steel expansion strips across the road oneither side of concrete bridges. The characteristic sound as you drive over themtells you clearly when you leave the bridge access road for the actual bridgedeck. The manufacturer of these expansion profiles achieved a 50% increase inproduction essentially by using SAW cored wire.
 Expansion strips for concrete bridges are made up ofseveral parallel welded profile bars separated fromeach other by rubber strips. The profile bars arepredominantly made of S355J2G3 and have differentcontours; see Figure 1. These expansion profiles havebeen made for years by the Corus Mannstaedt-Werkecompany, a hot-rolling mill at Troisdorf near Cologne,Germany. About 2% of the mill’s 160 000 ton annualoutput is accounted for expansion profiles for concretebridges. That’s around 130 kilometres of expansionprofiles per year.
 Because of the contours of the profile bars theycannot be produced solely by hot rolling.They are madein two parts which are joined from both sides by SAWwelding on two continuous welding machines arrangedin series. A reinforcement of the weld is not allowedbecause this would damage the rubber strips.The profilebars are typically 125 mm high, 90 mm wide and 12 to 18metres long. They usually weigh between 3 and 6 tons.
 Growing demand: What to do?Some time ago, faced with growing demand from themarket, from China among other countries, and theresulting increase in the number of different lengths tobe produced, the Corus Mannstaedt-Werke had toswitch to a welding technology with higher performanceand a more reliable welding equipment. The aim was tokeep the SAW process and the manufacturing sequenceon two continuous welding plants, using two-run-double-side technology.
 Welding was done with OK Autrod 12.20 (EN 756 -S2) in diameters 2.5 and 4.0 mm and with OK Flux10.71 (EN 760 - SA AB 1 67 AC H5). At 680 and 450 Arespectively, welding speeds of 80 cm/min wereachieved. The welding units had an output of 21 profilebars per shift and operated two shifts per day. Becauseof unacceptable changes in the seam profile it was notpossible to achieve speed increases by increasing thewelding current.
 After some preliminary experiments in cooperationwith ESAB GmbH, Solingen, it was confirmed thatsubmerged-arc welding (SAW) was the most suitableprocess. Of the various processes, only SAW weldingwith filler wire electrode could be considered, forreasons of penetration depth, seam forming and maxi-mum welding speed. The company approved theapproach and ESAB welded a number of promisingsamples. The efficiency of the process was evaluated intime and cost calculations.
 Figure 1.Expansionprofiles forconcretebridges
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 The SAW cored wire is supplied in drums with a wireweight of 300 kg. For unspooling, the drums are placed onrotating turntables. Corus Mannstaedt-Werke receive theSAW flux in economical BigBags with a capacity of 800kg. In co-operation with the customer a logistics conceptwas developed to ensure the automatic, trouble-freesupply of welding consumables. Currently ninety-sixprofile bars are produced on the welding equipmentevery twenty-four hours.
 Welding consumables:
 SAW cored wire: OK Tubrod 14.00SDiameter: 4.0 mmEN: –AWS A 5.17: F7A2–EC1 (with OK Flux 10.71)Flux: OK Flux 10.71EN 760: SA AB 1 67 AC H5
 ImplementationAt Corus Mannstaedt Werke, the existing weldingequipment were generally overhauled and extended todeal with 16 metre lengths. They were upgraded to thelatest state of the art with ESAB components. A6motors, proven over many years, fully programmablePEH control units and the two LAF 1250 weldingrectifiers make up the technical heart of the weldingequipment. The entire system is supplemented withGMD tactile seam scanning systems with corre-sponding motorised supports and a central flux supplywith a capacity of 200 litres; see Figures 2 to 4.
 With the support of ESAB Solingen, the equipmentswere run in, parameters were optimised and weldersinstructed. Initially it was not at all easy for the weldersto get used to the more than 65% higher welding speed.All the welders working on these units–which were nowoperating three shifts–were trained at ESAB. The flowof materials in front and after the welding equipmentwas also optimised.
 The resultToday, to the great satisfaction of the management, theplants are welding at a speed of 135 cm/min; see Figure5. Thirty-two profile bars are produced per shift,compared with twenty-one before the conversion, aproduction increase of more than 50% per shift.The 4.0mm diameter OK Tubrod 14.00S SAW cored wire hasproved itself outstanding for this application (AWS A5.17: F7A2–EC1). It can cover the entire range ofparameters, so that there is no need for a seconddiameter in production. In combination with OK Flux10.71, high-quality seams with very gentle seam edgesare produced at welding currents up to 750 A; seeFigure 6.
 About the author
 Martin Gehring works as product manager forconsumables at ESAB GmbH in Solingen in Germanysince 1994 and focuses primarily on the design ofcustomer-specific systems within SAW and on weldingusing solid wire and shielding gas.
 Figures 2–4. Modernised continuous welding equipment
 Figure 5. Self-releasing slagon the finishedprofile
 Figure 6.Expansionprofile forconcretebridges. OKTubrod 14.00S,OK Flux 10.71.Welding speed:135 cm/min
 Figure 7.OK Flux 10.71.in a 800 kgBigBag
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 Aluminium welding in shipbuildingThe manufacture of marine gearbox casings withwelding consumables and pulsed current powersources from ESAB
 by Dieter Brunnhuber and Helmut Bandt, BuB GmbH, Oberaudorf and Helmut Schmidt,
 ESAB GmbH, Solingen, Germany
 For almost thirty years the company of Brunnhuber und Bandt (BuB GmbH)has been making high value welded constructions of different materials for theconstruction of plants and apparatus. Some ten years ago, faced with growingdemand, BuB was specialising in the construction of gearbox casings ofaluminium for high-speed ships.
 Manufacture on time and to the correct quality are thevirtues that customers appreciate about BuB GmbH.For example, the luxury yacht of Kuwaiti sheikh AgaKhan (Figure 1) relies on its Brunnhuber und Bandtgearbox casing.
 With engines that deliver some 49,000 horsepowerthe yacht reaches top speeds of up to 80 km/h. With thisvessel the sheikh won a special award for the fastestcrossing of the Atlantic on water. Under the prevailingoperating conditions, which are comparable to a race,the welded gearbox casings of AlMg4,5Mn (EN AW5083) alloy are very highly stressed. Extensive testing ofthe weld seams after the crossing did not reveal theslightest indication of damage. This speaks highly of thereliability of the yacht and the high quality of thegearbox casings supplied by BuB.
 Figure 2 shows the welded construction of a pre-assembled gearbox casing. Even at the planning stage,the manufacture of a casing such as this calls forextreme precision, especially when determining thewelding parameters and welding sequences. Finite-element calculations formed the basis for thedimensioning of the casings. Extensive work samplesand process tests were needed in order to assess themechanical engineering properties of the welds. Takinglater loads into account, the work samples weresubjected to vibration endurance tests. All tests weredone by independent institutes.
 Naturally, the high standards imposed on the loadcapacity and quality of the gearbox casings meantequally strict demands on the quality and reliability ofthe welding technology.After all, seams free from poresand lack of fusion defects had to be produced with verygood strength and ductility properties in aluminiumparts with wall thicknesses up to 100 mm! A modernpulsed current source, the ESAB multi-function Aristo
 Figure 1. Luxury yacht fitted with BuB gearbox casings.
 Figure 2.Gearbox casingsof AlMg4,5Mn(EN AW 5083).

Page 20
                        

20 • Svetsaren no. 2-3 • 2001
 2000 LUD 450 UW (Figure 3) was therefore chosen tobe used for MIG and TIG welding. The ESAB weldmetals used OK Autrod 18.16 ø1.6 mm for MIGwelding and OK Tigrod 18.16 ø3.2 mm for TIG welding(SG-AlMg4,5Mn, ER5183). The ESAB weldingtechnology used reproducibly delivers the highest seamquality in aluminium welding. Figure 4 shows a cross-section cut through a corner joint.
 Metallographical investigations of the welds reveal aperfect structure in both cast and wrought alloys. Byusing specially modified end crater programs it waspossible to produce defect-free seam ends with theARISTO 2000 pulsed unit. This means that time-
 Figure 3. Multi-function welding unit Aristo 2000 LUD 450.
 Figure 4. Cross-section cut through acorner seam weldedwith OK Autrod 18.16.
 Figure 5. Assemblingthe gearboxcomponents.
 consuming and costly reworking could be reduced to aminimum.
 Bearing in mind the very close tolerances, especiallyin the region of the bearing shells, the manufacture ofthe high value welded construction demands preciseobservation of the predetermined welding sequences.After welding, the casing parts are heat-treated in astationary annealing furnace for six hours at 320 °C in aprotective gas atmosphere. Distortion due to therelease of stresses had to be allowed for when pre-dimensioning the blanks. Subsequent machining wasdone on a CNC machining centre. Figure 5 shows theupper shell being placed on the lower part with thegears already installed.
 High accuracy of fit, especially in the region of thebearing shells, is essential for smooth running of thegearbox and ultimately determines its life. Because ofthe high quality and the proven service record, therehas been a growing demand for ships with gearboxcasings from BuB. At present, casings are beingmanufactured for luxury yachts for Monaco and Spain.Growing success, much of which is due to high-quality,reliable products from ESAB.
 About the authors
 Helmut Schmidt Dipl. Ing. (TU) graduated from theTechnical University of Munich (1985) and got aEuropean Welding Engineer diploma at the SLV Munich(1986).After the studies, he worked in the research departmentat SLV in Munich. For about ten years Mr Schmidt wasresponsible for the welding department in a reactor andshipbuilding company. In January 2001 I joined ESABGermany as a teamleader, with the responsibility forapplication and sales in Southern Germany.Dieter Brunnhuber and Helmut Bandt are managingdirectors in BuB GmbH, Oberaudorf.
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 Development in welding power sourceimproves weld qualityby Klas Weman, ESAB Welding Equipment AB, Laxå
 The history of welding power sources dates back about 100 years. Around thistime power sources large enough to supply current for welding became available.At the end of the 19th century, Nikolai Bernados used batteries and a generatordriven by a steam-engine for his experiments with carbon arc welding.
 Figure 1. Some examples ofequipment available in the newAristo System.
 The semiconductors of today have revolutionised thedesign of new power sources. It has now becomepossible to reduce their weight and size, but the mostdramatic changes however, are related to the controltechnology. The most advanced computer softwarefacilitates both the communication with the userthrough a control panel, and the optimisation ofwelding characteristics.
 When high performance quality welding is required,it is possible to implement a number of new functionsto minimise the risks of welding defects.
 ESAB’s New Aristo System is an example of thelatest development technology in welding equipment,
 offering all the functions you need without morecomplicated settings than necessary.
 Design principlesThe semiconductors have paved the way for designersto develop and construct new power sources, see Figure1. The silicon diode used in a welding rectifier was thefirst such example, followed by the thyristor and thetransistor used in modern inverter power sources.
 As can be seen in Figure 2, research and developmenthave resulted in more effective designs bringing aboutthe reduction in weight by a factor of ten. The mostcrucial and important step was the development of the
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 welding inverter. The switching technology facilitatedthe reduction in the weight and the size of the powersource. In 1984, ESAB developed the first Caddy, aportable unit weighing only 8 kg.
 The reductions in weight and size are the mostobvious changes, but further development indicatesthat rapid control of the output current also causes aradical change in the performance of the equipment.
 At ESAB, this aspect of the development is bestrepresented by the Aristo equipment. The firstgeneration of the Aristo family was developed in 1988and introduced a collection of new features.• Software control of output current and the welding
 process• Multi-process possibilities – MIG, TIG and MMA
 welding with the same equipment• The “synergetic lines” optimise the settings/perfor-
 mance for each situation• Pulsed arc MIG welding• Feedback control of welding parameters that
 guarantees better accuracy and reproducibility• Improved welding start and stop functions
 Improved weld quality?Obviously, excellent welding characteristics and betteropportunities to optimise the performance of eachsituation would improve the welding quality. Theamount of spatter would be reduced and the generalappearance of the weld will improve. But these are notthe only benefits, it is also possible to create a numberof new functions, due wholly to the electronic control.
 The functions in table 1 exemplify the optionsavailable in the advanced welding equipment and assistthe welder in improving the quality and avoiding welddefects in critical applications.
 Man-to-Machine CommunicationA growing problem, as a consequence of thedevelopment of advanced welding equipment, is thecommunication with the user. The more weldingprocesses and possibilities the machine allows, the morecomplex the control panel tends to become.
 The welder does not usually exhibit a great deal oftolerance for such a high degree of complexity, sincesome of these functions may not be required,depending on the actual situation. For advancedmaterials and high performance quality welding everyavailable function would be appreciated, but in mostcases just a few are necessary.
 The new Aristo System, see Figure 3, allows the userto choose exactly what he requires. There are threeoptions depending on the welding process, and threeseries which provide different degrees of advancedcontrol. The panels in series 2 are equipped with a fewknobs, series 4 has a display with symbols, while series 3uses text information in 14 different languages.
 Figure 2. Different designprinciples of power sources.
 Start of weldingFunction ProcessCreep start MIGGas pre-flow MIG, TIGHot start MIG, MMAHF-start TIGLift arc TIGSlope up TIGContinuous welding
 Function ProcessPulsed MIG welding MIGArc length control MIGStep-less inductance setting MIGSynergy lines MIG, MMAPulsed TIG TIGSlope up TIGArc force MMAFeedback controlled parameter settings MIG, TIG, MMAFinishing a weld
 Function ProcessCrater filling MIGSlope down TIGBurn back time setting MIGShake off pulse MIGGas post flow MIG, TIG
 Table 1. An overview of functions at Start, Stop andContinuous Welding.
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 Figure 3. The development of new power circuits has facilitated a reduction in the weight of a 400 A weldingrectifier by a factor of 10.
 The module systemThe equipment system for the new Aristo is based onmodules. From a few basic modules it is possible todesign equipment that can be adapted to suit the specificneeds of each customer. Examples of these modules arethe power module, a mains voltage transformer, a water-cooling unit, two sizes of wire feed mechanisms, thepanels shown in Figure 3, and a number of accessories.
 Future development of power sourcesIt is not difficult to predict that the development ofinverter power sources will continue. Small, handyportable power units are requested by craftsmen andfor repair and maintenance purposes. The efficiencyand consumption of current will be improved, allowingfor simple connections even to small fuses. Robustnessand durability are also important features, as areprotection from dust, moisture and electrical noise.
 Regarding the machines for industrial use, the
 Figure 4. ESAB’s New AristoSystem allows a choice ofcontrol panels for the differentwelding processes and fordifferent customer segments.
 About the author
 Mr. Klas Weman, MSc, has extensive experience in theR&D of arc equipment, power sources and weldingprocesses at ESAB Welding Equipment AB, Laxå,Sweden. He is responsible for training and education andalso works as an Associate Professor at the WeldingTechnology Department at the Royal Institute ofTechnology, Stockholm.
 segments for productivity and quality welding, the newESAB Aristo System is well representative of the state-of-the-art. Here the modular system, the CAN buscommunication between units, and the possibility toupdate software guarantee adaptation to futuredevelopment.
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 Tandem MIG/MAG Weldingby Sven Goecke, Füge- und Beschichtungstechnik TU Berlin, Joakim Hedegård, SIMR Joining
 Technology Centre, Mathias Lundin, SIMR Joining Technology Centre and Herbert Kaufmann,
 ESAB Welding Equipment AB
 Many high-efficiency welding methods have been developed and introduced intothe market during the past few years. The most successful methods in use todayinclude the MIG/MAG multi-wire and the laser-welding methods.
 The most important advantage of laser welding is thatthe welded workpiece is subjected to extremely littledistortion and subsequent straightening operations cantherefore be avoided. However, the high investmentcost of laser systems makes the method unprofitable forsmall-scale manufacture. Multi-wire welding is a furtherdevelopment of the conventional MIG/MAG weldingprocess and can be integrated into an existingproduction line at a low investment cost.
 The following article describes ESAB’s newly-developed tandem MAG welding system, together withthe result of two independent evaluations made byresearchers in Sweden and Germany.
 Multi-wire weldingDifferent multi-wire systems–sold under various names–are today available in the market. Here it should betaken into consideration that multi-wire welding can beperformed according to a number of different princip-les:• Twin welding (one feeding unit): Two wires are fed
 by the same feeding unit. Both wires have the samepotential and are connected to the same powersource.
 • Twin welding (two feeding units): Two wires are fedby each one feeding unit. Both wires have the same
 potential and are connected to the same powersource.
 • Tandem welding (two feeding units and two powersources): Two wires are fed by each one feeding unit.The wires are connected to each one power source,and the wires are electrically insulated from oneanother in the welding gun. The wires can havedifferent potentials, and the welding parameters canbe set freely for each wire.
 In addition to the differences between the systemsdescribed above there are also systems, where thedistance between the wires is so wide that two fromeach other more or less separated weld pools areformed.
 ESAB tandem MAG welding systemESAB has developed a new tandem MAG weldingsystem, where the welding parameters for the two wirescan be set and where the distance between the wires isrelatively small, so that the two wires work in the sameweld pool.
 There is no question that most efficient method is toset the welding parameters for the two wiresindividually, as the tasks of the two arcs are differentwhen working in a common weld pool.The leading wirehas to do the heavy work of heating the wire and the
 Figure 1. Comparison ofdifferent highly-productiveMIG/MAG welding systems
 7.7 12 15.5 19.5 23Metal cored wire 1.8 mm
 27Vd
 T.I.M.E.LINFASTHIGH SPEED
 Productivity
 MIG/MAG-Tandem
 FILARC HS-Metal core wire
 45
 40
 35
 30
 25
 10 15 20 25) 30 Solid wire 1.2 mm
 Vd
 5.3 8 10.5 13.4 16 19 kg/h
 U
 [V]
 Productivity range for MIG/MAG high productive weld systems
 MAG-Traditional
 Rapid ARC
 (m/min.
 (m/min.

Page 25
                        

Svetsaren no. 2-3 • 2001 • 25
 base metal so as to form a molten pool, whereas thefollowing wire has to fill up the groove andsimultaneously smooth the surface of the weld withoutcausing too much spatter.
 The process window appears to be smaller for multi-wire welding than for ordinary MIG/MAG welding. Sothe welding equipment carrier and the entireinstallation must be more accurate than that forwelding with a single wire.
 In order to achieve the optimal welding results, it isimportant to make sure that the equipment meets thefollowing basic demands:
 • Rigid and vibration-free fixation of the welding gun• High performance in terms of speed and
 acceleration• High-performance feed units, guaranteeing safe,
 smooth wire feed• Joint tracking systems, guaranteeing invariable
 welding conditions• For high-efficiency manufacture with large-scale
 wire consumption, large wire reels are required orMarathonPacTM (cannot be fitted close to thewelding gun, however)
 ESAB’s tandem welding system has been developedfor heavy-duty welding, where the requirementsrelating to high duty factors and long welding times arerigorous.
 The tandem welding gun is designed to provideexcellent cooling of the nozzle and the gas cup.Efficient cooling of the gas cup prevents weldingspatter easily sticking to the gas cup.
 The insulation of the two separate welding guns isdone according to existing standards, guaranteeing noelectric flash-over between the two electric systems.
 The welding gun can be used for different types ofapplication. The distance between the contact nozzles(the wires) can vary and the advance welding of thevertical position of the rear contact nozzle can beadjusted separately as well.
 Filler material PZR6105R/1.6 first wire andPZR6105/R 1.4 second wire
 Panel welding at the Kværner Shipyard inRostockESAB’s tandem MAG welding system has beensuccessfully installed at the Kvæerner Shipyard inRostock, Germany (for more details see the article inSvetsaren vol. 54 No. 1 2000 p. 37).
 Excellent welding results are achieved using the newPZ 6105 R metal-cored wire with welding parameters450 A for the leading arc and 340 A for the followingarc. The mixed gas contains 92% argon and 8% CO2.The wire diameter is 1.4 mm. The weld travel is 120cm/min, but it can be increased still further if necessary.The total system configuration was:
 • two LAF 635 power sources• two PEH controllers
 • two A4/MEK wire feed units• tandem gunEvaluation of the ESAB tandem system at SIMR inStockholm
 In an ongoing project at the SIMR (Swedish Institutefor Metals Research), MAG welding with ESAB’standem MAG welding equipment is being studied.Some results from the first parts of the project in whichbutt, fillet and overlap joints were performed in mildsteel are presented here. The applications came fromindustry, all currently using single-wire MAG welding(both solid and cored wires depending on theapplication).
 The aim of the project is to evaluate the process byperforming a number of application tests. In this case,sufficient joint penetration and quality level should beobtained and the potential for increasing productivityand cost effectiveness should be explored.Furthermore, the project aims to obtain more processknowledge. A preceding literature study only resultedin a few hints on how to set the tandem MAG process.
 The following applications are reported:
 Application No. 1–butt weld in 12 mm mild steel(position PA): Apart from a process performance test,the opportunity to exclude joint preparation wasevaluated (due to a supposed increase in penetrationcapacity).
 Application No. 2–fillet weld in 12 mm mild steel(position PB): A 5 mm weld size with sufficient jointpenetration of 2.5 mm has been achieved with a travel speed of 100 cm/min. The determined weldquality level was reached.
 Application No. 3–overlap weld in 2.5 mm mild steel(position PA): The weld quality level was achieved witha travel speed of 400 cm/min.
 Figure 2: ESAB tandem MAG welding torch 2 x 600 A at100% duty cycle, wire range from 0.8 to 2.0 mm
 Figure 3: Butt weld will ESAB’s tandem welding system withLAF635. Filler material first wire PZR6105R/1.6 andPZR6105R/1.4 second wire. Weld speed 2.5 m/min, weldparameters 550A/128V and 350A/23V. Sheet thickness 5mm.
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 In the conclusions, it is stated that, for all applications, asubstantial increase in productivity could be obtained(Figure 5). The rule of thumb sometimes mentioned inliterature, “double-wire = double speed”, appears to becorrect compared with conventional single-wirewelding. The welding speed, the weld quality and theprocess tolerances must, however, be balanced(evaluated for each case).It is also interesting to note that the tandem MAGwelding process has a much higher penetration capacitythan single-wire welding (Figure 6).
 Conclusions
 • The tandem process demonstrates overall potentialto reach higher welding speeds and deposition rates,compared with single-wire welding.
 • When low and similar wire feed speeds are used forthe two wires, the arcs start to oscillate more easily.This supports the tandem MAG welding solution incomparison with twin-wire welding.
 • Acceptable weldments can be achieved withmultiple and totally different combinations ofwelding parameters and welding-gun configurations.
 • A higher wire feed speed on the front electrode anda process with contracting arcs appears to benefit arcstability with reference to oscillation, but it can alsoincrease spatter.
 • A minimum weld pool size appears to be necessary,compared with single-wire welding.
 • Synchronised pulsing proved to be beneficial insome of the welding trials where improved control ofthe weld pool at high travel speeds was achieved.
 High speed filming for the analysis of the
 material transfer in ESAB’s pulsed tandemMAG welding systemIn tandem MAG welding, the material transfer must becontrolled very suitably to obtain a smooth weldingresult. Different arc modes are used for MIG/MAGwelding: dip transfer (short arc), spray arc, pulsed arcand, in the case of tandem MAG welding, allcombinations of these modes are possible. However,the two arc processes affect one another and causedisturbances.
 The two pulsed arc modes on both wires are anappropriate tool for the adaptation and optimisation ofthis highly-efficient welding process to match customerrequirements.
 The main aim of this analysis was to identify processinstabilities and improve the process control used forESAB´s tandem MAG welding system which was basedon two ESAB LUD 450 W power sources.
 The two major tasks were to determine the limits ofthe pulsed tandem MAG welding process and analysethe material transfer by applying high-speed cinemato-graphy. This analysis focused on minimising processinstabilities, causing spatter, blow holes, partial arcextinction, rippled welds and so on, by varying the PulsePhase Shift (PPS) between the pulsed processes onboth wires.
 For the torch, an asymmetrical set-up of contacttubes with 6°/0° angle to vertical in front (power source1 - master) and -9°/-6° on the rear tube (power source 2- slave) was used.
 Figure 6. Butt weld with80% penetration (12mm plate thickness withno joint preparation).Travel speed 80 cm/min
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 Figure 5. Comparison of the travel speeds for the single-/double-wire applications
 Figure 4: ESAB’s tandem welding system at the KværnerShipyard in Rostock
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 Limits of the tandem MAG welding processWelding experiments were carried out in relation to thefollowing requirements.(see table 1)
 1. Determine the limits of the process use of powersources, synchronised by experimental processcontrol software for different PPS settings.
 2. Conduct an experimental analysis and comparison ofthe different arc modes in the tandem MAG process.
 The applications were as follows
 Fillet welding– mild steel 8/8 mm thickness– metal-cored robotic filler wire FILARC PZ 6105 R ø
 1.4 mm– shielding gas 20% CO2 + Ar, 28 l/minButt welding– stainless steel 1.5 mm– solid filler wire OK Autrod 16.12 ø 0.8 mm– shielding gas 2% CO2 + Ar, 28 l/min
 The variables were as follows
 – Process: wire materials and diameters, gas, weldingspeed
 – Power source: all pulse parameters for master andslave + synchronising: Pulse Phase Shift
 – Additional: torch angles; twist angles of both contacttubes; distance to sheet
 The results
 Compared with other arc welding processes, the resultsfor fillet welds shown in table 2 were obtained.
 For the tandem MAG process, the maximum weldingspeed obtained with the Aristo 450 power source is 235cm/min for the fillet weld and 400 cm/min for 2 mmstainless steel I-butt welds. In the case of the filletwelds, the maximum achievable deposition rate was 20kg/h, see Fig. 8. In this case, the power sources reachedtheir power limits with 490 A and 470 A and with athroat thickness of 4.5 mm.
 Problems with undercutting can be minimised byusing an appropriate torch design and installationaccuracy, while spatter can be minimised by optimisingthe pulse parameters.
 Analysis of the material transfer byhigh-speed cinematography
 High-speed film analysis was used to obtain a betterunderstanding of the material transfer and the processbehaviour with the emphasis on the effect of the PulsePhase Shift, PPS, the torch design and the different arcmodes.The set-up was:
 bead on pipe, mild steel 5 mm, ø 307 mm – filler wire: 1.2 mm OK 12.51 and OK 14.13– stick-out: torch 1 = 20. 2 = 21 mm; wire tip distance at
 worksheet = 9.5 mm – KODAK camera HS 4540mx with max. 40.500 Fps,
 CCD chip 256 x 256 pixel– NIKON zoom lens 70-210 mm, back light: high-
 performance DC lamp 430 W (106 lux/cm2)
 Results and conclusions
 The widest achievable parameter box and best weldsresulted from a torch design with an asymmetricalangle of the contact nozzles, 0º in front and 9º on therear one, see Figure 9. Wider distances between thecontact tips cause the rear arc to push the melt forwardand led to the front arc standing and ending up on topof the weld bead wave.
 For a stable tandem welding process in the pulsedmode, synchronisation is indispensable. The mainreason for a non-stable process is intensive weld poolwave which causes heavy activity in the built-in arclength control. Using synchronised pulsing, the weldpool wave can be minimised with the optimum at apulse length (PPS) of 1 ms.
 At this rate, a flat, non-waving weld pool stabilisesthe welding pool. In the case of higher PPS, the weldwave height increases and the process becomes moreturbulent, see Fig. 10b). There again, in a non-synchro-nised pulsed mode, heavy weld pool wave causes shortcircuiting with spatter initiation. The spatter is mostlycaused by incorrect droplet transfer at the rear arc,pushing the droplet horizontally into and through thefront arc.
 All the other arc mode combinations led to poorerweld results. The spray arc mode on both was a veryunstable process. As a result of high arc pressure, there
 Arc mode settings Power source
 1 – master 2 – slave
 Synchronised(same pulse frequency) Pulsed PulsedNon-synchronised Pulsed PulsedMixed Pulsed Short arcMixed Pulsed Spray arcMixed Spray arc Short arc
 Table 1
 SAW SAW-TWIN FCAW FCAW
 (total current)
 Current/A 650 650 145–155 900–1,000Voltage/V 32 32 22–23 24-28Welding speed/cm/min 85 80 20 150–235Heat input/kJ/mm 1.5 1.6 1.0–1.1 1.0–0.65Deposition rate kg/h 5.6 9.2 2.6 20
 Table 2. Results for fillet welds
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 is a high risk of material being pushed out of the melt,whereas, in the short arc mode, heavy melt wavebetween the two arcs is observed and, in the mixedmode (in front pulsed, rear short arc), a short circuitappears very frequently in the pulsed arc.
 It can also be seen from the high-speed film that thearc one wire is blown up by the plasma pressure of theother arc. This appears more frequently with higherPPS during the background phase, probably caused bythe high plasma pressure of the opposite arc in thepulse phase. It can therefore be concluded that, incontrast to other available information on the market,with a low PPS, almost in-phase droplet transfer leadsto minimum process disruptions and a smooth andregularly sound process with very good welding results.
 ReferencesCerwick H.:Tandem MAG welding with the PZ 6105 R,Svetsaren, Vol. 54 No.1 2000, p. 37Dilthey U. Prof. Dr. et al: Increased Productivity as aResult of Higher Deposition Rate and Higher WeldingSpeed by using Two-Wire GMAW Processes WeldingInstitute of Aachen University 1998
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 Figure 10. Droplet transfer, a) PPS = 1 ms, b) PPS = 3 ms(which is equal to anti-parallel phase shift)
 Figure 8 a and b. Deposition rate and heat input dependingon the welding speed
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 Marathon Pac™Bulk pac for welding wireby Bernt-Inge Jensen, ESAB AB, Göteborg, Sweden
 ESAB’s bulk pack of welding wire, Marathon Pac™, is a familiar product in themarket. Few operating interruptions for wire replacement, easy handling and highquality assurance are advantages that have attracted considerable attention allover the world. Marathon Pac™ is the ideal solution for mechanized welding.
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 environmental approach. In line with our ambition toreduce the load on the environment, Marathon Pac™ ismanufactured from recyclable and environmentally-friendly corrugated board coated with a moisturebarrier. The empty pack is collapsed simply by hand,making it easy to handle after use. It can then be sentfor recycling.
 ESAB’s octagonal pack weighs only around onethird of the traditional round type of drum. The packitself thus offers various benefits:• no large empty drums• low weight• moisture-resistant• environmentally-friendly and recyclable
 Better welding qualityThe straight welding wire in Marathon Pac™ givesmany considerable advantages. Exact positioning in thejoint is required: when welding narrow joints, whenweaving in coarse material and in conjunction with lightgauge welding. The straight Marathon Pac™ wiremakes contact at the joint in exactly the right position.This is a requirement for a perfect welding result withgood penetration and with no fused edges.
 When the welding wire is spooled into the drum, it istwisted using a special technique which makes itstraight as it exits from the welding gun. The straightwelding wire is easy to feed, gives reliable starts andmakes contact at the joint with very high precision. Allof this contributes to high welding quality withextremely few welding faults.
 The Marathon Pac™ drum is made from environ-mentally friendly corrugated board which is easy torecycle.
 Marathon Pac™ is now available in two sizes – onepack with a capacity up to 250 kg and a new, larger packwith a capacity up to 475 kg. Because Marathon Pac™does not need any decoiling equipment (as the 300 kgspool needs), it takes up little floor space and providesflexible solutions. Marathon Pac™ also protects thewire from dust which can cause operating interruptions.
 Trolleys are available for both models, making eventhe largest pack easy to handle. The wire conduitbetween Marathon Pac™ and the welding equipment isprovided with quick connectors to facilitate wirereplacement. Several welding heads can be suppliedfrom a central point. The straight wire in MarathonPac™ is easily fed through the conduit with a minimumof friction. A wire conduit of up to 12 m in lengthbetween the drum and the wire feed unit can thus beused.• takes up little floor space• practical accessories• easily handled• protects the wire from dust
 Marathon Pac™ can be supplied with most types ofwelding wire for MIG/MAG welding such as unalloyed,low-alloyed, high-alloyed and copper-based solid wiresand several types of flux-cored wires.
 A Marathon Pac™ Endless version is also availablefor certain solid wires, which means that the weldingstation can operate for as long as required in principlewithout interruption for replacement of the wire – all ofwhich satisfy the increased requirements for moreefficient and more reliable production solutions.
 Enviromentally-friendlyAt ESAB we strive constantly to develop and improveour products, which requires us to adopt an actively
 Straight welding wire with MarathonPac™ makes contact at the joint in
 exactly the right position.
 Traditional spool technology gives awire with a certain cast and helix. The
 wire will deviate from the centre line,which is associated with a significant
 risk of welding faults.
 This component for office furniture, produced in light gaugemetal, is robotically welded in a jig. Welding faults in themarked joints were previously a frequent problem. Thesedefects have been entirely eliminated since Marathon Pac™wire was introduced
 ➘
 ➘
 ✗
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 Traditional spool technology gives a wire with acertain cast and helix that can result in a “dog’s tail”effect or a periodic distortion in the welding. The wirewill deviate from the centre line, which is associatedwith a significant risk of welding faults.
 With Marathon Pac™ repairs and rejects caused bywelding faults are reduced. When you start weldingwith Marathon Pac™, only the free wire needs to beaccelerated. This gives reliable, rapid starts and lesswear on the wire feed unit. The risk of welding faults atthe start is reduced, and the wire feed unit can keepgoing for longer without maintenance.
 The fact that the wire is protected from dust preventsbreakdowns caused by the wire conduit becomingblocked.
 Increased productivityWith Marathon Pac™, production can be kept runningwith fewer interruptions for spool replacements. Youachieve higher utilization of the welding station – thearc time factor increases.
 Experience has shown that Marathon Pac™ reducesthe consumption of wearing parts such as contact tipsand wire conduits. The loading on the wire feed unit isreduced, which also means reduces the needs forservicing and maintenance of the welding equipment.These advantages can also be utilized in manualwelding stations where repeated starts and stopsimpose a load on the wire feed unit because of the needto get heavy spools accelerated.
 Marathon Pac™ thus represents a series ofadvantages which result in a uniform and more reliableproduction flow – which has a benefit on profitability.• fewer spool changes• reduced maintenance• increased arc time factor
 Rear cross-members for heavy goods vehicles aremanufactured in this highly efficient welding station. Tworobots work together, one of which manipulates theworkpiece and the other does the welding. Thanks toMarathon Pac™, the station can operate with only limitedsupervision.
 About the author
 Bernt-Inge Jensen started working at ESAB in Göteborgin 1972. Since 1984 he is Group Product Manager for solidwires.
 Marathon Pac™ gives increased profitabilityand higher quality assurance• High precision
 Fewer welding faults• Easy to feed
 Reliable starts, reduced consumptionof torch liners and contact tips
 • Dust-protected wireFewer operating interruptions
 • Complete range of accessoriesSimple and flexible handling
 • No decoiling stand requiredLow investment costTakes up less floor space
 • Environmentally-friendlyNot bulkyRecyclable pack
 • Bulk packFewer spool changesReduced wire wastageIdeal for high production welding
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 MIG welding of heat-resistant ferriticsteels with cored wire electrodesBy Klaus Blome, ESAB GmbH, Solingen, Germany
 As in other areas of industry, the pressure of increasing costs is leading to anincrease in the amount of welding with cored wires in the construction of powerplants and machinery.
 Formerly, however, cored wire electrodes for heat-resistant steels with good welding properties andsufficient mechanical and technological qualities wereonly available for the PA and PB positions.The main tasks in the development of ESAB coredwires for heat-resistant steels were therefore:• improvement of the welding properties• unlimited suitability for welding in constrained
 positions• simplified parameter setting with a wider range of
 adjustability• increased profitability
 Using a proven formulation as a basis, ESAB addedchromium and molybdenum to the core alloy todevelop a complete range of heat-resistant cored wires,which have since performed excellently in manyapplications (Table 1).
 Advantages of welding with cored
 wire electrodesThe reasons for the constant growth in the use of coredwires have to do with the specific quality and economicbenefits of welding with cored wire electrodes:• welding costs can be reduced if cored wires are
 correctly used• the safe fusion penetration at markedly higher
 power, comparable with rod electrodes• the high feed rate made possible by a special
 manufacturing process• the low-spatter, easily adjusted arc• the ease with which the composition of the weld
 metal can be changed• the low hydrogen content of the weld metal
 • the very good position suitability of the rutile andbasic ESAB cored wires
 • the good suitability of the basic cored wires forwelding root layers, especially at 1.0 mm diameter
 Manufacture of the cored wire electrodesThe majority of modern cored wire electrodes are madefrom a steel strip and a powder mixture. First the stripis formed into a U-shape and filled with the premixedpower in a dosing station. The formulation of thepowder mixture is matched to the steel strip, in order toensure uniform composition of the weld metal. This isespecially important with the low- and medium-alloyedmaterials.
 In the next manufacturing operation the filled U-profile is closed to form a tubular cross-section.
 Depending on the desired degree of filling, a buttedor overlapped profile is formed. Butted wires have anaverage fill factor of 18–20%. Because of theirextremely thin steel sheath, overlapped wires mayreach a high fill factor of more than 30%, for especiallyhigh deposition rates and therefore welding speeds. Fortechnical reasons to do with manufacture, “seamless”filler or tubular wires are mostly limited to a low fillfactor of about 12–14%. Their deposition rate (kg/h) orachievable welding speed (cm/min) is therefore lowerthan that of the other cored wire types. Since the buttedand overlapped cored wires can also guarantee a lowhydrogen content, as a result of very advancedmanufacturing techniques and optimised raw materials,seamless cored wires have lost their final advantageeven for use with more demanding steels.
 In principle, two different reduction methods areused to achieve the final diameter. Usually, the
 Table 1. Chemicalcomposition of all weld metalas % of basic ESAB coredwires
 Type C Mn Si Cr Mo P max- S max
 PZ 6201 0.06–0.10 0-75–1.20 0.30–0.50 0.80–1.10 0.40–0.70 0.020 0.020
 PZ 6202 0.06–0.10 0.75–1.20 0.30–0.50 0.40–0.65 0.020 0.020
 PZ 6203 0.06–0.10 0.75–1.20 0.30–0.50 2.00–2.50 0.90–1.20 0.020 0.020
 PZ 6204 0.06–0.10 0.50–1.00 0.30–0.50 4.00–6.00 0.45–0.65 0.020 0.020
 PZ 6205 0.06–0.10 0.75–1.20 0.30–0.50 1.00–1.50 0.40–0.65 0.020 0.020
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 diameter is reduced by the well-known drawingprocess. With this process, intermediate annealing ismay be necessary, and this may adversely affect boththe powder filling and the surface of the wire. Thedrawing soaps used must be dried at about 280°Cbefore the finished wire is rinsed. One reason for doingthis is to reduce the hydrogen content of the weld metalto a reliable level. However, the oxide layer mouldingon the surface of the wire prevents current transferduring welding and therefore has a negative effect onthe welding properties. Admittedly this can be largelycompensated for by adding arc-stabilising elements,which may again raise the hydrogen content.
 The processes used in the ESAB works avoid thesedisadvantages of the drawing of cored wire, which aretypical for this method. The ESAB rolling process doesnot involve the use of drawing agents. The product ofthis particular manufacturing process is a cored wirewith a metallically bright, smooth surface, which isprotected only by an extremely thin coating. This filmimproves the sliding properties of the wire in the hosepackage and at the same time enhances the currenttransfer in the contact tubes.Thanks to the “dry” rollingprocess, very low hydrogen contents in the weld metalcan be guaranteed.The optimal current transfer and thehigh fill factors that can be achieved permit goodwelding properties together with high profitability.
 Selection of the basic formulationThe welding and usage properties of cored wireelectrodes are determined primarily by the characte-ristics of the core. It may contain rutile, basic orpredominantly metallic components.
 The seam pattern of metal cored wires is quitesimilar to that of solid wire electrodes with small islandsof oxide and silicate on the surface of the seam.
 However, metal cored wires feature better rootsuitability in the short arc region and a highprofitability in the PA and PB positions at highercurrents. Welding in the spray arc region, ie almostspatter-free welding, is possible with metal cored wireswith a fill factor of more than 18% from currents as lowas 180–190 A. This property means that the cleaningtimes commonly needed in the welding current rangefrom 180 to 280A when welding with solid wire areconsiderably reduced.
 Owing to their bainitic structure, heat-resistant steelsof the CrMo1 type upwards have a relatively high ratioof yield stress limit to tensile strength. They aretherefore sensitive to hydrogen-induced crack for-mation. A further danger arises from the amount ofsecondary slag inclusions present in the weld metal.They may act as the starting point of cracks and alsoadversely affect the toughness of the weld metal. Thenumber of micro-inclusions increases with the oxygencontent of the consumable.
 Because of their higher oxygen content, often morethan 400 ppm, introduced by the metallic powder, metalcored wires are therefore unsuitable for welding theheat-resistant ferritic steels.
 However, their economic and qualitative advantagescompared with solid wires, above all in fully-mechanised processes (eg OK Tubrod 14.11), can inmany cases be exploited with the other ferritic steels upto the high-strength S690 (OK Tubrod 14.03).
 Like rutile stick electrodes, rutile cored wires areeasy to weld with in all positions. In constrainedpositions, very high deposition rates, up to 3.5 kg/h canbe achieved (Figure 1). Because of the heavily ionisingeffect of the rutile, drop transition takes placeexclusively in the spary arc, so welding is almost spatter-free. With the TÜV-approved rutiles 0.5%-Mo type PZ6222, it has already been possible to weld easier andcheaper in many applications (Figure 2).
 However, the field of application of rutile coredwires for heat-resistant steels is limited by the higherhydrogen and oxygen content of the weld metalcompared with basic cored wires. Admittedly thehydrogen content of rutile ESAB cored wires is reliablybelow 5 ml/100g weld metal, but because of the rutileslag system the mechanical quality figures of basiccored wires cannot be achieved, especially after
 Figure 1. Fusion penetration behaviour of a 1.2 mm rutilecored wire (left) and a 1.0 mm solid wire (right) welded in arising position.
 OK Tubrod 15.13, 240 A / 25 V, Vs = 28 cm/min
 Solid wire, 190 A / 17 V, Vs = 18 cm/min
 Figure 2. Economic orbital welding with rutile Mo cored wirePZ 6222 (De Schelde, Netherlands)
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 subsequent heat treatment or in thick-walled compo-nents.
 So rutile cored wires can only be used here withsmall wall thicknesses and in components that do notundergo subsequent heat treatment, or only with shortannealing times (Figure 3).
 So if the weld metal is to meet the most stringentdemands, we are left with the basic formulation.
 A feature of basic ESAB cored wires, compared withother cored wires is their unlimited constrainedposition ability. This applies both to the root of a buttjoint and to the filling and covering layers. These ESABcored wires can be welded with higher parameters thanconventional basic wires. This significantly reduces therisk of binding defects, as well as giving a higherperformance. In addition, because a higher arc voltageis used, the seam surface is flatter. The convex shape ofthe seam, which is otherwise common with basicconsumables, is avoided. Wetting is better and slagremoval is easier.
 The basic weld metal provides very high mechanicaland technological quality figures even in the heat-treated state and with thick-walled components, forexample here on turbine housings with a wall thicknessof up to 180 mm (Figure 4). The combination of goodwelding properties and reliable quality figures makes
 ESAB basic cored wires especially suitable for weldingheat-resistant ferritic steels if high profitability isrequired in addition to fulfilment of the qualitydemands.
 Factors that influence the hydrogen contentof the weld metal
 When welding heat-resistant steels, the hydrogen inconjunction with other factors such as the cooling rateand external stresses, may cause cracks to form.
 As things stand today, the following factorsdetermine the amount of hydrogen in the weld metal:• the initial hydrogen content of the weld metal• the current• the contact tube distance• the local climatic conditionsThe initial hydrogen content of the basic cored wiresmentioned is low, at 2 to 2.5 ml/100g weld metal. This isbecause the manufacturing process, the components ofthe filling, and the coating have all been optimised for alow hydrogen content.
 Increasing the welding current results in an increasein the hydrogen content. Studies at the ESAB coredwire production facilities in Utrecht (the Netherlands)and Waltham Cross (the UK) and in ESAB Europe’scentral laboratory in Gothenburg (Sweden) indicatethat an increase in the welding current from 200 to 300A results in 50% to 100% percent more hydrogen inthe weld metal.
 An increase in the contact tube distance with thesame welding current reduces the amount of hydrogenin the weld metal. Evidently some of the hydrogen in oron the wire is released by the intense pre-heating of thefree end of the wire.
 Conversely, the hydrogen content falls with smallcontact tube distances. This must above all be borne inmind when welding in constrained positions.
 According to our findings, the local climate has onlya minor effect on the hydrogen content of the weldmetal in MAG welding.This is because of the protectiongiven by the shielding gas. However, when welding withstick electrodes, the effect is measurable.
 The initial hydrogen content of the weld metal is animportant parameter. If it can be kept low, as is the casewith the basic types mentioned, the result, underEuropean conditions is always a weld metal hydrogencontent of less than 5 ml/100g.
 Studies on weld metal 10 CrMo 9 10The purpose is to show, using the example of the weldmetal of cored wire PZ6203, that, in addition to thegood welding properties, the mechanical and techno-logical properties of the weld metal of cored wireelectrodes safely satisfy the requirements.
 The duration and level of the tempering temperaturemay affect the strength at room temperature. Table 2shows the mechanical quality figures from the tensiletest after different treatments. The required characte-ristics are achieved without difficulty.
 Figure 3. Welding of spigots to a collector made of 16 Mo 5with PZ 6222 (De Schelde, Netherlands)
 Figure 4. Fillet seam ona turbine housing, wallthickness 180 mm,welded in position PCwith basic cored wireCrMo2 type PZ 6203 –1.2 mm
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 The most important strength property whichdetermines use under operating conditions is the creepstrength.Tests were done at temperatures of 450 °C and500°C. Evaluation of the results of /1/ and our ownstudies in comparison to the base material scatter bandin DIN 17 175 shows that the results lie in the lowerrange or just below the scatter band. Comparison withthe weld metal of stick electrodes reveals fullyequivalent creep strength behaviour. In addition,evaluation of base material results points to an over-valuation of the creep strength behaviour of 10 CrMo 910 in the standard /1/; Figure 5.
 Some users also demand guaranteed notched-barimpact test figures for heat-resistant steels, for examplemore than 55 joules at –40°C for 2,5/Cr-1/Mo. Theserequirements can also be safely met with the basiccored wires.
 SummaryESAB basic cored wire electrodes safely meet the weldmetal and welding property requirements for thewelding of heat-resistant ferritic steels. These coredwires perform outstandingly when welding inconstrained positions and are very well suited for rootwelding, even on a ceramic weld metal support(backing). Low hydrogen contents in the weld metalcan be guaranteed. The cored wires are manufacturedin diameters of 1.6, 1.2 and 1.0 mm. This makes itpossible to match the heat input to the welding task.They combine excellent mechanical/technological
 properties with high performance. This ensures that thedemand for high quality and reliability combined withhigh profitability of the welding process can be met.
 LiteratureMaile, K. and H. Theofel: Zeitstandfestigkeit undKriechverhalten von 2 1/4 Cr-lMo-legiertem Schweiß-gut (Creep strength and creep behaviour of 2 1/4 Cr-lMo-alloyed weld metal). Abschlußbericht Nr. (Finalreport no.) 895400000, MPA Stuttgart.
 Goldschmitz, Peters et al.: Metall-Schutzgas-schweißen warmfester ferritischer Stähle mit Fülldraht-elektroden. (Metal-inert-gas welding of heat-resistantferritic steels with cored wire electrodes) ASTKAachen, 93
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 Figure 5. Creep strength ofbasic cored wire PZ 6203(FD-03) after heat treatmentat 700 and 720 °C comparedwith base material (GW) anda basic stick electrode (SE-03)
 Table 2. Mechanical-technological properties ofthe pure weld metal ofvarious basic ESAB coredwires after hat treatment
 Type ESAB Heat treatment Rm Rp 0.2 A4d Notch impact test
 work (J) (°C) (MPa) (MPa) (%) +20 °C -20 °C
 CrMo 1 PZ 6201 660-700 min 525 400 20 (5d) 120 60
 Mo PZ 6202 605-635 510 - 620 400 24 120 80
 CrMo 2 PZ 6203 720-750 520 - 630 400 20 120 80
 CrMo 5 PZ 6204 730-760 min. 590 400 22 120 80
 CrMo 1 PZ 6205 675-705 550 - 650 470 21 120 60
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 Productive welding solutions with user-related robot manufacturing cellsby E. Schofer, ESAB GmbH, Solingen, Germany
 ESAB has taken on the task of satisfying the growing demands of trade andindustry for high-grade welding technology by offering a broad range ofappliances and units, consumables, services and the process technologies arisingfrom them.
 At ESAB, mechanisation and automation have beenproven technologies for decades. So today, systemsolutions are available for the integration of weldingtechnology in flexible manufacturing systems, which,with higher productivity, flexibility and product quality,bring greater competitiveness.
 ESAB is therefore once again offering weldingsolutions with selected robot manufacturing cells incentral Europe. Here, the emphasis is on the offer of acomplete solution, in other words with the appropriateconsumables and the necessary process know-how.
 ESAB is returning to the market after almost tenyears away from automated robot welding. Why?
 Here are some of the factors that contributed to thedecision:
 Nowadays, production must respond quicker andmore flexibly to changes in the market. Flexibleautomation is therefore a stable growth market both inworld terms and here in Europe.
 There is still a shortage of well-trained welders andthere is no obvious indication that this will change.
 In recent years the nature of the equipment on offerfor automation with robots has shifted towards fully-equipped manufacturing cells.
 These manufacturing cells are currently less costlyand more flexible in use than they were some years ago.Performance has improved and installation andoperating costs have fallen. This means that unit costscan be shown to be economic even for small batch sizes.Not wishing to re-invent the wheel, we have once morejoined forces with our former partner ABB, in order tooffer users production advantages with safe, modularrobot systems, using our welding power sources andconsumables and above all our process knowledge.In the marketing of our manufacturing cells, we focuson complete solutions based on standardised functioncells or compact stations.
 The differently equipped function cells are designedfor a permanently allocated working area. With themodular concept, existing design can almost always beused, even for special manufacturing tasks.Figure 1. Function cell at the ESAB applications centre in
 Solingen
 Figure 2. The FlexArc compact cell
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 Figure 4. Products welded withFlexArc Compact
 Modular robot function cells are cheaper thanspecial installations and their design was proven inpractice long ago.
 As machines and installations become more flexible,mobile manufacturing systems are a sensible additionfor a variety of tasks and workplaces. ESAB compact
 But of course, hardware is not everything. Nowadays,advice on a suitable consumable for the range of use, aswell as the recommended process parameters toachieve the required welding and cycle times, areessential for sound production planning and costing.
 With our function cells and compact stations, ourconsumables and our expert advice, we offer a weldingsolution from a single supplier, giving the customersecurity in terms of welding technology, production andcosts.
 Even after installation and acceptance, we do notabandon the user. Experienced application experts andservice technicians are always available should the needarise.
 ESAB Welding Automation – your partner forflexible manufacturing with tailor-made solutionsbased on highly standardised components.
 • Flat seam welds with good bonding• Round fusion penetration profile• Simple parameter setting• Problem-free weld starting• Good behaviour at the end of welding• Almost no spatter• Long service intervals• Good wire feed properties• high welding speed• high feed rate• wide field of applications
 Figure 3. OK Tubrod 14.11 – the robot-friendly cored wirein Marathon Pac.
 stations can be moved by fork truck to wherever theyare needed.“Plug-and-play” installation helps minimisebreaks in production.
 The function cells or the compact stations can beequipped to suit the particular requirements. Inaddition to the robot there are, for instance, variouspositioners, welding current sources, MIG/MAGtorches, torch cleaning units, and so on.
 The standard package includes security barriersaround the function cells or compact stations, as well assafety equipment. We concentrate primarily on theMIG/MAG process, including pulsed MIG/MAG.
 About the author
 Egbert Schofer graduated from the Technical Universityof Berlin as a Dipl-Ing. Mechanical Engineering. Hejoined ESAB in 1986 and has held several differentpositions within the area of standard machines andautomation. Mr Schofer is currently the automationdirector for ESAB’s central region.
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combination plasma and waterjetcutting machines. Together withequipment, ESAB will also bedemonstrating products from anever-increasing range of weldingconsumables along with their latesteconomic packaging solutions.
 On the stand, ESAB, will alsointroduce and demonstrate the newrevolutionary joining technique –magnetic pulse welding.
 In addition, visitors to the ESABstand will get an overview of thecompany’s increasingly successfule-business activities, its leadershipin the application of technology toproduct and process innovations, itscontinued investment in R&D andthe growing emphasis on supplychain management.
 Many of the new products and
 Stub-ends&Spatter
 For the third time in successionESAB is occupying the primelocation in Hall 1 at ’Schweissen &Schneiden’, the world’s largestwelding and cutting exhibition.Moreover one lucky visitor to theESAB stand will leave the exhibi-
 tion on the last day with tickets fora fabulous all-expenses-paid trip tothe 2002 Monaco Grand Prix.
 The exhibition is open forbusiness at Essen from 12th to 16th
 September. The bald statistics areimpressive; with around a thousandexhibitors from over 40 nationsdistributed over 110,000 sq metresof exhibitions space in 19 hallos, theshow’s importance to the weldingand cutting community is self-evident. Far from being simply aEuropean event it has grown toattract visitors from all over theworld.
 ESAB has been open forbusiness for around 100 years andhas attended every one of thefifteen ’Schweissen & Schneiden’
 shows. Like the show, ESAB is aworldwide concern with salesoffices in 35 countries and 42manufacturing facilities in 19different countries.
 At an impressive 1,700 sq.m. theESAB stand will again dominate
 ESAB on pole position at Essen show
 38 Svetsaren no. 2-3 • 2001
 Hall 1 at Schweissen &Schneiden2001. This year the Company’soverall focus will be on importantmarkets for welding and cuttingproducts such as shipbuilding,offshore applications, automotiveindustry, power generation, processindustry and the transport andmobile machinery industries.
 ESAB will be displaying anddemonstrating a wide range of thevery latest welding and cuttingproducts including Friction Stirwelding equipment, the new Aristosystem, which is an intelligent andflexible modular-based range ofpower sources for MIG/MAG, DCTIG and MMA welding and forcutting the advanced VBA Plasma,Pegasus Laser, Ultrarex and
 processes are described in separatearticles in this magazine.
 As an added incentive to visit thestand, ESAB is running a dailydraw with a unique Formula 1design Eye-Tech welding helmet asthe daily prize. However, on thelatest day all entries go back intothe hat for the chance to be at thetrack side in Monte Carlo next yearwatching the world’s best racingdrivers competing in FormulaOne’s most prestigious race.
 In any event, visitors to ESAB atEssen in 2001 are unlikely to goaway disappointed. The company’sintention is to put all of itscustomers on pole position withtechnology and service that leaveseveryone else trailing in their wake.
 1 Conference area
 2 Bar & Cafeteria
 3 Distributor shop
 4 Support Centre
 5 ESAB Cutting systems
 - oxy-fuel and plasma cutting
 - waterjet cutting
 - laser cutting
 6
 Automotive
 - robotic welding
 - MIG brazing
 - friction stir welding
 - magnetic pulse welding
 7
 Shipbuilding
 - mechanised submerged arc welding- thin plate manual welding
 - friction stir welding
 8
 Power generation
 - submerged arc welding
 - orbital TIG welding
 9
 General fabrication
 - manual TIG welding
 - manual MIG/MAG welding
 - fillet weld submerged arc welding
 10
 Process industry- orbital TIG welding
 - manual MMA, TIG, MIG/MAG welding
 11 Transport - plasma welding
 - manual MIG/MAG welding
 1
 2
 36
 78
 9
 10
 11
 4
 5
 - robotic welding
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 MechTrac might very well be themost flexible and fastest way toincrease your productivity.
 It takes the form of a gantry andcan be equipped with A2 weldingequipment for SAW or MIG/MAGto create a complete weldingstation. If the workpiece rotates,other welding methods such as TIGand plasma can be used, dependingon the application and handlingequipment.
 The MechTrac unit is suitable fordifferent types of workpiece thatcan be covered by a gantry. Thegantry offers the opportunity toweld profiles such as I-, T-, or L-beams, columns or tapered beams.
 MechTrac is available in twoversions, depending on the size ofthe workpiece. The difference is thewidth of the gantry–1,500 mm or2,000 mm between the legs. Thelength of the legs is the same forboth types; 1,500 mm from the topof the rail to the inside of the over-head beam (see the informationrelating to the operating range onthe next page).
 The floor-mounted rail can bedelivered as standard with a totallength of three metres. It can thenbe extended to match the length of
 the components.The standard rail issupplied with an end guard whichprevents the gantry losing contactwith the rail. Other types of rail canbe used (see the informationrelating to dimensions on the nextpage).
 The well-known VEC motor,which is used in many otherautomation products from ESAB, isused as the driving motor. Thegantry can support a maximum of220 kg, which corresponds to twoA2 welding heads, single or twinwire, complete with automatic jointtracking GMD and the OPC fluxrecovery unit, for example.
 The PEH process controller isused with A2 welding equipment,SAW or MIG/MAG. The weldingparameters can be programmedswiftly and accurately. When twowelding heads are used, one processcontroller takes control of onewelding head and power source,plus the travel speed of theMechTrac. The other controls thesecond welding head and powersource.
 To make transport and installa-tion as easy as possible, MechTracis supplied in component form andcan be easily assembled on site.
 ESAB’s SustainabilityReport 1999 amongthe 10 highest rankedIn an international evaluation ofenvironmental and sustainabilityreports, the London-based think-tank SustainAbility has rankedESAB’s report as one of the topten in the world. SustainAbility,together with UNEP (UnitedNations Environment Programme),has ranked 50 reports from severalhundred from all over the world.
 The areas that have beenevaluated include:• the company’s plans for sustain-
 able development and the mana-gement’s understanding of theseissues
 • structures, systems, processes andobjectives for performing under-takings
 • whether the report containsbackground data, results andfuture objectives
 • the applicability, availability andcredibility of the informationSince 1999, ESAB has been
 participating as a pilot company inan international joint venture knownas the ”Global Reporting Initiative”,GRI, which has been largely fundedby the UN. This work is designed toproduce global guidelines for reportson the environment, economy andsocial issues. The GRI will becomethe generally accepted, broadlyadopted worldwide framework forpreparing, communicating andrequesting information aboutcorporate performance.
 Other pilot companies includeFord, Shell, Proctor & Gamble,General Motors and Electrolux.
 For more information, or if youwant to order the complete reportincluding the CD, please contactESAB Environmental Affairs orStefan Larsson, ESAB AB, tel +4631 509271.
 MechTrac 1500 and 2000 – Components formechanised welding
 ESAB – UNSER PFAD GEGEN NACHHALTIGER ENTWICKLUNG
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 The demand for larger sizedcolumn and booms has increasedsignificantly in the Chinese marketin recent times. The demand forlarge column and booms waspreviously mainly in the energysector for the production ofpressure vessels for thick-walledpressure vessels up to 350 mm inthickness. Recently the shipyardindustry has started purchasinglarger size column and booms. Themain reason for the use of thesecolumn and booms is theproduction of submarines.
 In 2000, the largest column andboom built by ESAB was supplied,an MKG type purchased by BohaiShipyard in China. The workingrange of this column and boom is12,.5 x 10 m, withhaving an overallheight of some 16 metreers. Thewelding equipment mounted onthis MKG is A6-G welding headsfor MIG/MAG welding equippedwith LAF630 power sources. Thewelding heads in this case areequipped with extended contacttubes to enable welding of largersized stiffener rings.
 In addition, ESAB has startedimplementing a new technology onthe joint tracking systems for thecolumn and booms. Previously thejoint tracking systems wererestricted to the size of the slidecross which normally had a workingrange of 300x300mm. Now ESABhas started implementing a controlsystem which uses the wholecolumn and boom as a slide cross.The fine positioning is still done bythe traditional 300x300 mm slidecross but a course positioningsystem to adjust the whole columnand boom is now beingimplemented. This system requiresan inverter control for the actualboom hoisting system.
 The new concept of large columnand booms with an extremely largeworking range in terms of jointtracking has attracted the interestof shipyards in China, leading to anumber of large contracts inHulodao and Wuhan. The reasonforthe new demand is that theshape of the submarines built, is not
 centric - they have an oval shape,resulting in a need for a jointtracking system that can handlevariations of up to two metres.
 The ESAB solution with theextreme-sized column and boomcombined with a very accurate jointtracking system covering the wholeworking range of the column andboom has broadened the use of theMIG/MAG welding process,clearing the way for the productionof large vessels in the shipyardindustry.
 The segment of the pressure
 It focuses on MIG/MAG weldingwith solid wires, flux-cored wires,aluminium wires and SUB-arcwelding. The brochure analyses theadvantages, potential andlimitations of each process, togetherwith applications suitable for theprocesses, using different types ofmechanisation equipment.
 This brochure can also be used asa educational document for initialtraining.
 Column and booms in China
 vessel manufacturing for the boilerindustry has been more or lesssaturated by the large number ofsales during the 80’s and 90’s .However, ESAB’s old customershave now shown great interest inupgrading their old column andbooms with new- technologywelding systems and controlsystems. We have the flexibility ofthe ESAB A6 welding system withall its options to thank for beingable to keep our old weldingstations up to date with today’smarket demands.
 A new brochure dealing with welding processesfor mechanisation is now available
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OK Flux 10.45Weld Plate Wire Amps Volt Travel Commentstype thickness diam. speed Polarity
 mm mm cm/min
 Butt weld 2.0 2.5 400-500 21-22 380-510 Cu Backing+Butt weld 3.0 2.5 400 24 320 Cu Backing+Butt weld 4.0 3.0 600 27 190 Cu Backing+Lap weld 1.5-3.0 2.5 550 28 320 15% off vert.+Lap weld 3.0-5.0 3.0 550 28 190 15% off vert-Burn-through 1.5-3.0 2.5 450 26 320 Cu Backing+Burn-through 3.0-5.0 3.0 700 31 220 CuBacking+
 OK Flux 10.83
 Horiz. fillet 5.0 2x2.0 1000 24-25 200 Web-to-flange+Horiz. fillet 5.0 2x2.0 1150 25-26 250 Web-to-flange+Horiz. fillet 6.0 2x2.0 1240 28-29 305 Web-to-flange+Butt weld 3.0 2.5 500 25-27 320 Cu Backing+
 When it comes to high speedwelding, ESAB has two veryinteresting products in its SAWrange OK Flux 10.45 and OK Flux10.83.
 They both have their advantageswhen welding mild steels where lowor no impact requirement isacceptable.
 OK Flux 10.45 is a special purpose
 acid slightly manganese alloyingfused flux designed for high speedwelding of clean thin sheet metalplate up to 5.0 mm. in thickness.
 Sound, undercut free welds can beproduced at speeds up to 500cm/min. with good slag removal anda good bead surface appearance.
 The slag is very fluid, which makesOK Flux 10.45 the perfect selection
 Safety, cleanness and renewabilityare fundamental concepts in today’senergy debate.Wind power energywithout doubt satisfies the demandsin this respect.
 When it comes to the manu-facturing of the wind mills thatgenerate the electricity, ESAB canmake a strong contribution withtailor-made turnkey solutions for theproduction of the steel towerssupporting the rotors and gene-rators.
 This rapidly growing energysector has necessitated an increaseand improvement in machineryfacilities, and interest has focused onhigh-productivity welding equip-ment in order to reduce door-to-door times.
 From the bending machine orbuffer (not illustrated on the lay-out), a shell is placed in one of the10T roller beds to position it forinternal and external longitudinal
 submerged arc welding carried bythe CaB 460 column and boom.While one shell is being welded inone roller bed, another shell isprepared in the other roller bed set.This procedure definitely increasesthe arc time factor. In addition, eachshell at the end of a tower sectionhas a mounting flange. The flangesare also welded to these shells atthis station.
 At the next station, a head andtail stock positioner, a sub-arcwelding head for internalcircumferential welding and oneCaB 460 column and boom forexternal circumferential weldingare integrated. In addition, there is asupport roller bed and a roundingjig to complete this station. Thetower section is built up here until itreaches its full length. The first shellwith the flange is clamped into thewithdrawn tail stock, while thesecond shell is clamped into the
 head stock in a correspondingmanner. The two shells aretightened by pushing the movabletail stock towards the head stock,whereupon tack welding takesplace. The ESAB A2 welding headcarried by the support armperforms the internal welding, andfinally the external circumferentialwelding is performed by the A6head of the CaB 460 station. Step bystep, the tower grows, as one shellafter another is added, until the lastshell with its flange completes thetower section. In order to maintainthe roundness of the graduallyextended tower, a rounding jigadapts the tower ends, usinghydraulically operated pressurearms with rollers, in order to makethem fit the shells that are added.Taken as a whole, this is anadvanced piece of equipment forhigh productivity and consistentweld quality.
 Fluxes for high-speed welding
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 for copper-backed thin sheet lap-and butt joints. Being a fused flux it isvirtually non-hygroscopic and willonly pick-up surface moisture ifexposed.
 Applications include water heatertank seam welds and tube to tubewelds in heat exchangers.
 OK Flux 10.83 is an acid agglo-merated silicon and manganesealloying aluminate rutile flux,designed for single-pass high-speed/high- productivity welding ofcarbon steels up to 25 mm.
 Butt, lap, and fillet welds are wellwashed and free from undercut evenat speeds up to 305 cm/min.
 It is primarily used with DC singleand twin wire systems at currents upto 1300 A. OK Flux 10.83 isrecommended for high speedwelding of I and box -beams, spiraland longitudinal water and sewageline pipe, storage tanks, LPG bottles,heat exchange panels and rail cars.
 With their high Si content, OKAutrod 12.22/12.23 are the preferredwire selections for high-speed filletwelding.
 Welding automation speeds up production of wind mill towers
 Some typical welding parameters
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 Efficient welding of supermartensiticpipes with matching metal cored wiresJohn van den Broek and Michael Goldschmitz, ESAB B.V., Utrecht, the Netherlands
 Leif Karlsson and Solveig Rigdal , ESAB AB, Box 8004, Göteborg, Sweden
 ESAB has developed matching composition, high strength, metal cored wiressuitable for the GMAW girth welding of supermartensitic pipelines. OK Tubrod15.53 and OK Tubrod 15.55 offer productivity benefits and excellent side-wallpenetration and produce high quality welds with satisfactory mechanicalproperties when used with realistic fabrication welding procedures.
 Welding of supermartensitic stainless steelpipelinesSupermartensitic stainless steels are rapidly becoming apractical and economical alternative for flow lineapplications in the oil and gas industries. Thesupermartensitics (also called low-C/13Cr stainlesssteels, weldable 13Cr martensitic stainless steels orsuper 13Cr steels) are 12-13 %Cr martensitic steelswith a very low C content (<0.015%) and an Mocontent of up to 2.5% (Ref. 1). They offer sufficientcorrosion resistance for sweet and mildly sourenvironments, in combination with high strength andgood low-temperature toughness. Supermartensiticsteels are also ideal for field welding, where preheatingand long-term PWHT are impractical (Ref. 1).
 The successful application of a material requires thatwelding can be performed reliably and economicallyand that the welds fulfil requirements relating to areassuch as strength. For example, reeling is a commonoperation when laying offshore flow lines. Thisoperation involves bending pipes, introducingsignificant deformation. Local deformation at weldsmay occur when welding consumables with under-matching strength are used. Matching compositionsupermartensitic welding consumables, guaranteeingover-matching yield strength, have therefore beenspecified for several current and future projects.
 ESAB has developed matching composition, metalcored wires (MCW) that are ideal when it comes tomeeting the new strength requirements forsupermartensitic pipes. The OK Tubrod 15.53 & 15.53Swires are recommended for steels with up to 1.5%Mo,whereas OK Tubrod 15.55 & 15.55S should be used forsteels with a higher Mo content. OK Tubrod 15.53 &15.55 are produced with a diameter of 1.2 mm and havebeen developed for GMAW and mechanised GTAW,the ‘S types’ are designed for the SAW process andcome in a diameter of 2.4 mm. The weld metal isdesigned for use in the as-welded, tempered or
 quenched and tempered condition, depending ontoughness and hardness requirements (see product datafor further information).
 This paper gives an example of the orbital narrowgap girth welding of supermartensitic pipes in the PG-H-L000 position (5G-down) and describes a test on a60º V-joint in the PA position (1G). It is shown thatsupermartensitic consumables can be used with realisticfabrication welding procedures to produce high qualitywelds with satisfactory properties.
 Orbital narrow gap MCW pipe weldingThe term orbital pipe welding generally refers to theequipment that is used when an application calls forpipes to be welded in a fixed position. The torch rotatesaround the circumference of the pipe using amechanism which is commonly referred to as a weldinghead or bug. The term is misleading, however, whenreferring to equipment using the GMAW/FCAWprocesses. If the pipe is in the horizontal position,welding is done using either a double-up (6 to 12o’clock clockwise, followed by 6 to 12 o’clock anti-clockwise) or a double-down technique (12 to 6 o’clockclockwise, followed by 12 to 6 o’clock anti-clockwise).
 GMAW welding with solid wire is done both doubleup and double down. Flux cored arc welding is onlyperformed using the double-up technique because ofthe possibility of slag entrapment when weldingdownhill. MCWs, however, only form small isolatedsilicate islands on the solidified weld bead. They areremoved by brushing between passes or are simplywelded over, as they will re-melt and float to the weldpool surface. This feature allows MCWs to be used forwelding double up as well as double down. For all-position welding with an MCW, a pulsing power sourcemust be used to guarantee proper droplet transfer andweld pool control.
 With an appropriate joint design, double-downwelding can be performed using relatively high travel
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 speeds in the 38-75 cm/min range. One technique toprovide better weld pool control at these high speedsdownhill is to use narrow J-groove geometry. The jointgeometry is narrow enough to allow each pass to bridgefrom wall to wall without oscillation, except for thecapping layer where slight weaving is necessary tocomplete the last layer.
 Controlling defectsOrbital or mechanised pipe welding equipment hasbeen used in the cross-country and marine pipelineindustries for almost 30 years. Virtually all pipelinewelding has been performed using the short-arcGMAW process for all passes, using narrow gap jointgeometry. Downhill welding with solid wires isattractive because it allows high travel speeds andthereby shorter arc times, but it has a propensity toproduce side-wall fusion defects. In addition, a simpleCV power source, which cannot control the processoptimally, is used and this may lead to excessive spatteror insufficient penetration. Many pipeline owners arereconsidering permissible defects when using the newsupermartensitic materials. Although conventionalshort-arc GMAW is being used, alternatives to reducethe defect and repair rate, while maintaining the highspeed of double-down solid wire welding, are beingsought.
 Metal cored wires provide the answerMCWs provide an impressive solution to the problem.When used with a pulsed arc power source, the weldingprocess is precisely controlled and provides a moretolerant welding technique than solid wire. MCWsensure reliable side-wall fusion and sufficientpenetration into the parent material. ESAB hasformulated a family of matching composition super-martensitic cored wires (see product data), including the2.5%Mo type, OK Tubrod 15.55. When used with anappropriate welding procedure, these consumablesproduce a high quality weld deposit with a low-carbonmartensitic microstructure.
 Welding trialsFour companies undertook a collaborative project toevaluate the performance of the new wires withsupermartensitic pipe material and to demonstrateacceptability for orbital pipeline welding (Ref. 2). Anarrow J-groove was selected for use without root gap(Figs. 1 & 2). An expanding clamp with copper backingshoes was used to ensure precise pipe alignment anduniform root bead penetration.
 Orbital pipe welding requires a machined bevel onthe end of the pipe. Portable bevelling equipment isavailable from numerous suppliers in order rapidly tomachine a precise bevel in a fabrication shop or at afield work site. Machining a narrow J-groove requiresno additional time as compared to a conventional V-joint with an angle of 30º or 37.5º.
 The Pipeliner System, manufactured by Magnatech,
 was used for the trials. It consists of a welding headmounted on a track or band, sized to the specific pipeouter diameter (OD). The welding head rotates thetorch around the pipe and manipulates the torch, withcapabilities for programmed torch weave or oscillation,and provides motorised adjustment of contact tip toworkpiece distance. The wire feeder is mounted on thewelding head using a 5-kg spool for precise wiredelivery.
 The Pipeliner System was interfaced with an ESABAristo LUD320W power source. This is a synergic typeof power source, which means that there is a pre-programmed relationship between the pulsingparameters/power output and wire feed speed. A newsynergic line was programmed for the new formulationESAB cored wire (OK Tubrod 15.55 with a diameter of1.2 mm). Samples of 322 mm (12-inch) NKK-CR13WS2.5 (13Cr-6.5Ni-2.5Mo) pipe with a wallthickness of 14.6 mm were supplied by NKK for thetrials.
 Test welds were made and used to develop a weldingprocedure (Table 1 and Ref. 3). Figures 3 and 4illustrate the smooth bead appearance of the weld capand the excellent side-wall fusion. MCWs deposit highquality welds with good penetration, due to the stabilityof the arc and the very fine droplet transfer withoutspatter. For the filling layers, weaving was not necessaryin order to obtain reliable side-wall fusion, permittingincreased travel speed and higher productivity whilemaintaining a low defect rate. It was clearlydemonstrated that, with the proper equipment, welds
 1.5mm
 14.6mm
 R3 mm
 6º wall angle
 Figure 1. Narrow gap J preparation.
 Figure 2. The applied ‘narrow gap’ J-joint has a small land.
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 could be performed reliably and efficiently with MCWsin narrow J-groove geometry. The new range ofsupermartensitic MCWs is now available and wires canalso be delivered in relatively small quantities.
 Weld propertiesThe weld metal toughness and strength weredetermined in house by preparing a tensile bar and 5ISO-V Charpy specimens transverse to the weld (Ref.3). The tensile bar (21.1x12.9mm) broke in the pipematerial at 900 MPa, showing that the weld metalclearly over-matched the pipe material. Impacttoughness was tested at –40ºC in the as-welded
 condition and after a short PWHT at 600ºC. The heattreatment was performed in a Gleeble weld simulator(electrical resistance heating) with rapid heating, aholding time of five minutes, followed by air cooling.Individual Charpy values were 44, 41 and 42 J in the as-welded condition and 50 and 52 J after PWHT,illustrating the beneficial effect of a short PWHT.
 The weld metal oxygen content was measured, as it isknown to have a dramatic effect on the impacttoughness of supermartensitic weld metals (Ref. 4). Themeasured range of 285–350 ppm correlates well withthe observed impact toughness, according to earlierstudies (Ref. 4), suggesting that there is potential tofurther increase toughness by improving the gas shield.This is possible by using a special nozzle in combinationwith a small designed gas cup or a 100% inert gas.
 Additional tests performed at TWI (Ref. 5) were inline with the above findings. Cross-weld tensile testingresulted in the fracture of the parent steel. The all-weldmetal yield strength was 680 MPa and the tensilestrength 923 MPa after PWHT at 637ºC for fiveminutes. Impact toughness was measured as an averageof 47 J at –46ºC after PWHT at 651–661ºC for fiveminutes. Four-point bend sulphide stress cracking(SCC) testing for 30 days in slightly sour (10 mbar H2S)formation water and condensed water indicated nosusceptibility to SCC.
 High productivity welding in downhand
 positionFor applications where the welding can be performed inthe PA position (1G), by rotating the pipe sections thatare going to be joined, it is interesting to investigate theopportunity to increase productivity. One obviousapproach is to reduce the number of passes required tofill the joint, which will, however, inevitably increase theheat input. An initial trial with an MCW with a largerwire diameter of 1.6 mm was performed to see whetherthis is a realistic approach and to see how the pipematerial and weld metal are affected by heat inputshigher than those normally used for supermartensitics.
 A 2.5%Mo supermartensitic pipe with 255 mm ODand 13 mm wall thickness was welded in only threepasses – one GTAW root pass and two GMAW fillpasses, (Table 2) with a heat input of approximately 2.8kJ/mm. The chemical composition of the weld metaland parent material of the simulated production weldare presented in Table 3.
 Table 1. Typical weldingparameters: Shielding gas99.5% Ar/0.5% CO2. Nobacking gas (welding againstcopper backing). Totalwelding time 14 minutes.
 Figure 3. Close-up of the orbital weld seam in thesupermartensitic pipeline material.
 Figure 4. Cross-section of narrow gap girth weld illustratingthe excellent side-wall fusion. Only slight weaving isnecessary for capping. The total welding time for the 12-inch pipe is approximately 14 minutes.
 Pass Position Amperage Arc voltage Wire feed Welding speed
 (A) (V) (m/min) (cm/min)Root 12-4 o’clock 210 18.8 9.3 70Fill 2,3,4 12-4 o’clock 215 21.5 9.0 50Cap* 12-6 o’clock 140 18 3.0 18Root 4-6 o’clock 178 17.5 6.0 22Fill 2,3 4-6 o’clock 175 17.5 6.0 22Cap* 12-6 o’clock 140 18 3.0 18
 *Slight weaving
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 Weld microstructure and mechanicalpropertiesThe weld produced in the PA position was defect freeand had a largely martensitic microstructure (Fig. 5).Weld metal strength was clearly over-matched, asevidenced by a cross-weld tensile test fracture in theparent material, and ductility was sufficient to passbend testing (Table 4). Maximum hardness was below330 HV10 and the impact toughness in the as-weldedcondition was 75 J at –20ºC. Good toughness andcomparatively low hardness can clearly also beobtained for relatively high heat inputs and large weldbeads. It is therefore encouraging to note that highproductivity welding procedures might offeradvantages in terms of improved toughness as well.
 Supermartensitic welding consumables
 Table 2. Welding conditionsfor pipe welding of 12Cr-6.5Ni-2.5Mo pipe material (Ø255 mm, t= 13 mm) in PAposition (1G)
 Table 3. Chemicalcomposition (wt.%) of pipematerial and weld metal.
 Joint/ Interpass Heat input
 Consumables position temp. (°C) (kJ/mm) Comments
 Wire: OK Tubrod 15.55, Ø 1.6 mm 60°V/ <100 1.5 / 2.8 GTAW, one Shielding gas: Ar (GTAW)/ PA bead/pulsedAr + 0.5%CO2 (GMAW) GMAW,
 two bead
 Table 4. Mechanicalproperties of girth weld(consumable: OK Tubrod15.55) in a 2.5%Mosupermartensitic pipe (Ø 255mm, t= 13 mm).
 Impact Cross-weld Maximum Face bend Side bend
 toughness tensile hardness (t=10 mm)
 (J) strength (HV10)
 (MPa)
 -60°C -40°C -20°C +20°C Rm Weld HAZ Ø 3 x t, Ø 4 x t,
 metal 120° 180°
 58 66 75 80 895* 323 326 OK OK
 * Fracture in parent material
 Pipe/ weld C N (ppm) Si Mn Cr Ni Mo Cu O (ppm)
 Pipe 0.010 87 0.17 0.50 12.3 6.6 2.5 0.02 63
 Weld 0.009 135 0.31 2.0 12.5 7.0 2.2 0.44 284
 The development of matching composition supermar-tensitic welding consumables and welding procedures isstill progressing. However, it is obvious that thisconcept offers a number of advantages in terms ofproperties, productivity and the opportunity to performa PWHT when desired.Another advantage that is oftenoverlooked, compared with duplex or superduplexconsumables, is that a martensitic weld metalmicrostructure is expected for all levels of dilution withthe parent material. It is therefore only a matter of timebefore supermartensitic consumables become thepreferred choice in the welding of supermartensiticstainless steel.
 AcknowledgementsThe authors would like to extend their gratitude toNKK Europe Ltd, Weldtech and Valk IPS for theirvaluable contribution to the successful evaluation ofthe new supermartensitic consumables.
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 Figure 5. Cross-section of girth weld in 2.5% Mosupermartensitic pipe with a wall thickness of 13 mm.(Consumable: OK Tubrod 15.55).
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 Product data–supermartensitic metal coredwiresMCWs depositing a martensitic 13%Cr-type, Mo-alloyed, extra-low carbon weld metal. Designedprimarily for welding supermartensitic steels (alsocalled low-C 13Cr stainless steels, weldable 13Crmartensitic stainless steels and super 13Cr steels). OK
 Tubrod 15.53 & 15.53S are recommended for steelswith up to 1.5%Mo, whereas OK Tubrod 15.55 & 15.55Sshould be used for steels with a higher Mo content. Theweld metal is designed for use in the as-welded,tempered or quenched and tempered condition,depending on toughness and hardness requirements.
 Wire diameters:OK Tubrod 15.53 & OK Tubrod 15.55: Ø 1.2 mm forGMAW and GTAW.OK Tubrod 15.53S & OK Tubrod 15.55S: Ø 2.4 mm forSAW.Shielding gas:GMAW: Ar+30%He or Ar+0.5%CO2. Gases with a
 higher CO2 content can be used but will increase weldmetal C content and hardness.GTAW: Ar or Ar+He mixturesSAW flux:OK Flux 10.93
 Welding Consumables within R&D in ESAB. Shegraduated in chemistry from the University of Göteborg in1974 and joined ESAB in 1982.Michael Goldschmitz (52), B.Sc. Metallurgy, is developmentengineer cored wires for ESAB Europe, and is located inUtrecht, The Netherlands. He was nominated SeniorExpert by The ESAB Group in 1995. Presently, he isinvolved in several development projects concerningstainless steel cored wiresJohn van den Broek (52), is product manager stainless steelcored wires and related products for ESAB Europe, and islocated in Utrecht, The Netherlands. He joined ESAB in1996, after having worked as a welding consultant for theTNO Research Institute in The Netherlands.
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 Typical chemical composition (wt.%) of all-weld metals.
 Wire C N Si Mn Cr Ni Mo Cu
 1.5% Mo, metal cored wires:OK Tubrod 15.53* <0.01 <0.01 0.8 1.2 12.5 6.8 1.5 0.5
 OK Tubrod 15.53S** <0.01 <0.01 0.8 1.1 12 6.8 1.5 0.5
 2.5% Mo, metal cored wires:OK Tubrod 15.55* <0.01 <0.01 0.4 1.8 12.5 6.7 2.5 0.5
 OK Tubrod 15.55S** <0.01 <0.01 0.5 1.6 12 6.7 2.5 0.5
 *Pulsed GMAW using Ar+30%He. **SAW with OK Flux 10.93.
 Typical all-weld metal mechanical properties in the as-welded condition.
 Consumables Impact toughness (J) Tensile strength (Mpa) Hardness Welding
 -40°C 20°C Rp0.2 Rm A5 (HV10) method
 1.5% Mo, metal cored wires:OK Tubrod 15.53/Ar >100 >110 700-850 950-1050 >15 < 3503 GTAW
 OK Tubrod 15.53/
 Ar+30%He >401 >501 700-850 950-1050 >102 < 3503 GMAW
 OK Tubrod 15.53S/
 OK Flux 10.93 >301 >351 700-850 950-1050 >52 < 3503 SAW
 2.5% Mo, metal cored wires:OK Tubrod 15.55/Ar >100 >110 700-850 950-1050 >15 < 3503 GTAW
 OK Tubrod 15.55/
 Ar+30%He >401 >501 700-850 950-1050 >102 < 3503 GMAW
 OK Tubrod 15.53S/
 OK Flux 10.93 >301 >351 700-850 950-1050 >52 < 3503 SAW1 Depending on time (5-30 min), PWHT at 580-620°C will typically increase impact toughness by 20-100%.2 Degassing at 250°C/16 h or PWHT at 580-620°C will increase elongation to >15%.3 Depending on time (5-30 min), PWHT at 580-620°C will typically reduce hardness by 20-50 HV10.

Page 47
                        

Svetsaren no. 2-3 • 2001 • 47
 Aluminium welding within theautomotive industryMoving forward with weld quality – weldingequipment characteristics and technical training
 by Tony Anderson, AlcoTec Wire Corporation, USA
 Without doubt, the use of aluminium within the automotive industry and thedevelopment of aluminium welding technology are both continuing to expand.The continued developments of aluminium within this industry can be primarilyattributed to this material’s many desirable physical characteristics.
 Aluminium provides its users with the opportunity toutilize a material which has comparatively light weight,high strength, versatility of both extruding and casting,and excellent corrosion resistant characteristics. Whenwe consider this material’s physical properties, inconjunction with the continually developing environ-mental issues, such as improving fuel efficiency andsuperior recycling capabilities, it becomes perfectly
 understandable why it is increasingly becoming thepopular choice of engineers and designers for a varietyof automotive applications. With the advancement ofaluminium within this industry, we have seen both theneed for developments within the area of weldingequipment used for this somewhat specialized material,and also, the increased demand for technical training inaluminium welding technology.
 Fig 1. Typical non structural automotive application.

Page 48
                        

48 • Svetsaren no. 2-3 • 2001
 Equipment Characteristics When considering the developments in aluminiumwelding equipment, the friction stir welding ofaluminium has probably been the most publicized inrecent welding journals and has attracted muchattention. The friction stir welding process has manyunique and exciting characteristics when used to makecertain joints in aluminium alloys. However, friction stirwelding is somewhat limited in its application and, whileexcellent for some components, does not have theversatility of some of the other welding processes. Thisdiscussion shall be directed toward the development anduse of one of the more traditional methods of weldingaluminium, the Gas Metal Arc Welding (GMAW) oralternatively named Metal Inert Gas (MIG) weldingprocess. This process has been used for the welding ofaluminium for many years. Historically, the firstaluminium welding operations were of a non-structuralnature, performed on heat exchangers, radiators, coolingsystems, and their associated components.Considerations for this type of welding have beenprimarily to consistently produce welds with minimumleakage rates. Procedure development has revolvedaround the use of high silicon content filler alloys withminimum consideration for strength characteristics withmuch emphasis placed on fluidity and the ability to sealweld joints in thin material. More recently, there havebeen major moves toward the fabrication of structural
 components such as engine cradles, front and rearsuspension frames, drive shafts and wheels.
 These welded components can often be subjected todynamic loading in service and, consequently, can besusceptible to fatigue. Structural welded joints of thisnature require very different considerations whendeveloping welding procedures and maintainingwelding quality that is acceptable for their serviceconditions. The requirement for higher integrity instructural welded joints in aluminium, along with therecognition of some unique characteristics of aluminiumwhich can produce certain welding discontinuities, haspromoted the necessity for a better understanding ofwelding equipment characteristics. Some of the inherentproblems associated with the MIG welding ofaluminium and the production of high integritystructural welds, when compared with the welding ofsteel, are: feedability, incomplete fusion at the start of aweld, and crater or termination cracking at the ends ofthe weld.
 Feedability: This is the ability to consistently feed thespooled welding wire when MIG welding, withoutinterruption, during the welding process. Feedability isprobably the most common problem experienced whenmoving from MIG welding of steel to MIG welding ofaluminium. Feedability is a far more significant issuewith aluminium than steel. This is primarily due to thedifference between the material’s mechanical pro-
 Figure 2. Structural applications like this wheel are becoming much more common within the automotive industry.
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 perties. Steel welding wire is rigged, can be fed moreeasily over a further distance, and can withstand farmore mechanical abuse when compared to aluminium.Aluminium is softer, more susceptible to beingdeformed or shaved during the feeding operation, and,consequently, requires far more attention whenselecting and setting up a feeding system for MIGwelding. Feedability problems often express themselvesin the forms of irregular wire feed or as burn-backs (thefusion of the welding wire to the inside of the contacttip). In order to prevent excessive problems withfeedability of this nature, it is important to understandthe entire feeding system and its effect on aluminiumwelding wire. If we start with the spool end of thefeeding system, we must first consider the brake settings.Brake setting tension should be backed off to aminimum. Only sufficient brake pressure to prevent thespool from free-wheeling when welding has stopped isrequired. Electronic braking systems and electronic andmechanical combinations have been developed toprovide more sensitivity within the braking system. Inletand outlet guides, as well as liners, which are typicallymade from metallic material for steel welding, must bemade from a non-metallic material such as nylon, toprevent abrasion and shaving of the aluminium wire.Drive rolls have been developed, often with U-typecontours with edges that are chamfered and not sharp,that are smooth, aligned, and provide correct drive rollpressure. Excessive drive roll pressure can deform thealuminium wire and increase friction drag through theliner and contact tip. Contact tip I.D. and quality are ofgreat importance. We are seeing the availability ofcontact tips made specifically for aluminium welding,which have smooth internal bores and the absence ofsharp burrs on the inlet and outlet ends of the tips whichcan easily shave the softer aluminium alloys.
 Aluminium welding wire is used in both push andpull feeder systems; however, limitations are recognizeddependent on application and feeding distance. Push-pull feeder systems for aluminium have been developedand improved upon to help overcome feeding problemsand may be used on more critical/specialized operationssuch as robotic and automated applications. Morerecently, the planetary drive push-pull system (ESABMongoose System) has become popular for aluminiumwelding, providing an extremely positive feeding systemcapable of delivering aluminium wire over greaterdistances with minimum burn-back problems.
 The Hot Start Feature: Aluminium has a thermalconductivity about 6 times that of steel, and because ofthis ability to rapidly conduct heat away from the weldarea, there has always been an inherent problem,particularly when starting a weld on this material. It is notuncommon to experience incomplete fusion at the startof an aluminium weld because of the material’s highthermal conductivity. One method which can now beused to help overcome this problem, particularly onthicker sections of aluminium used in structuralapplications, is the use of equipment that has a hot start
 feature. This feature may allow the user to program theweld starting current characteristics independently fromthat of the general welding current parameters, thusproviding the user with the ability to start the weld with ahigher current density for a predetermined period beforemoving to the general welding conditions for theremainder of the weld. This allows the use of a higherheat input at the beginning of the weld that can help toovercome the dramatic heat sink associated with thismaterial prior to the weld area becoming heated by thewelding operation. The result of this technique is toeliminate, or significantly reduce, the probability ofincomplete fusion at the start of the weld, and therebyimprove the life expectancy of welded componentssubjected to high stress or fatigue loading.
 Crater Fill Feature: Other characteristics ofaluminium which can provide welding problems areassociated with its thermal expansion, which is abouttwice that of steel, and its shrinkage on solidification,which is 6% by volume. This can increase both distortionand weld crater size. One common concern when weldingaluminium is crater cracking or, what is sometimes called,termination cracking. When MIG welding withconventional equipment, once the trigger of the weldinggun has been released, the arc is extinguished, and noadditional filler metal is added to the weld pool to fill thecrater. Consequently, if no further precautions are taken,a large crater will be left which will have a higherprobability of cracking. Craters can be serious defects,and most welding standards require them to be filled andfree from cracks. Run-off tabs, or other methods oflocating weld craters on scrap material away from the
 The author conducting training in aluminium weldingtechnology at the AlcoTec Training school.
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 weld, are not usually practical. However, if the weld poolsize can be reduced before the arc is fully extinguished,the resulting crater may be very small or almosteliminated and, consequently, the weld may be free fromcracks.
 In the past a number of welding techniques have beenused in an attempt to reduce this termination problem.Reversing the direction of travel at the end of a weld,increasing travel speed to reduce crater size, andproviding suitable build-up and removing the crater areaflush with the weld surface by mechanical means, aresome of the methods which have been used. Thesemethods are often difficult to control, require specializedtraining, and are not always successful in their objective.More recently, welding equipment has been developedfor aluminium welding which has a built-in crater fillfeature. This feature is designed to terminate the weld ina gradual manner by decreasing the welding current overa predetermined period as the weld is completed. Thisfeature may be adjustable to enable the user to select themost favorable termination conditions, therebypreventing a crater from forming at the weld termination.Tests have shown this crater fill feature to be extremelyuser friendly and very effective in eliminating the cratercracking problem.
 Other equipment features which may besignificant:Slow Run-In Start: This feature is desirable undercircumstances that require precision startingcharacteristics to minimize start-up fusion defects andprovide a starting profile that is acceptable when theweld overlaps at termination. It is also desirable toprevent wire-base contact problems (example, birdnesting) at the start of a weld when high feed rates areincorporated, particularly when using the softeraluminium filler alloys.
 Burn-Back Control: This feature is desirable when theaccurate and consistent positioning of the welding wire,in relationship to the completed weld, is required. Whenused with the crater fill option, the wire is effectivelyseparated from the puddle, and it leaves a sharp end inpreparation for the next weld start. It is particularlyuseful with those manufacturing procedures that requireconsistent restarting capabilities.
 The need for technical training in aluminiumwelding technology: The advancement of aluminium in the automotiveindustry, along with its increased use within the weldingfabrication industry in general, has certainly promotedthe development of specialized welding equipmentdesign. Correspondingly, the increased use of aluminiumwelding has promoted the demand within industry fortechnically competent aluminium welding personnel.The need for welding engineers, technicians, inspectors,supervisors and welders who have experience andtechnical training in aluminium welding technology hasincreased. Unfortunately, because aluminium welding
 has traditionally represented such a small part of theoverall welding industry, personnel with suchqualifications have been difficult to find. Many of theuniversities and technical institutions, which have beeninvolved in welding education, have neglected detailedinstruction in aluminium welding technology.Consequently, it is not uncommon to find formallytrained welding engineers with very little, if any,experience or in-depth training within this field.
 In order to help remedy this problem, and inrecognition of the need for technical training andsupport for those manufacturers who have moved intothe aluminium welding industry, AlcoTec WireCorporation provides specialized training in aluminiumwelding technology. AlcoTec is located in Traverse City,Michigan, U.S.A., and is recognized as both a worldleader in the manufacturing of aluminium welding wire,and the ESAB Aluminium Welding Center ofExcellence. AlcoTec’s staff of metallurgical, welding, andquality engineers present numerous training courses thatcombine their many years of aluminium manufacturingexperience with a knowledge of the industry equipment,specifications and quality requirements.Training courses,which have been developed over many years, aredesigned to incorporate both the theory and practicalhands-on approach to the welding of aluminium alloys.
 Moving forward with weld quality:In order to successfully improve both aluminiumwelding quality and productivity, it is important tounderstand the many features of today’s weldingequipment, and how they may assist us in achieving ourobjectives. We must use these available features toreduce the probability of rework or defective weldingand enhance our welding efficiency. It is also importantto evaluate our human resources to ensure that we havetechnically competent welding engineering personnel.We must utilize technical training, when necessary, inorder to develop our technical skills and promote thesuccessful development of welding quality and improvemanufacturing efficiency.
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Several methods have been developed to increase thedeposition rate of the single-wire process. This articlereports on the deposition rates of these SAW processvariants.
 Submerged arc welding has a manifold depositionrate compared with MMA and MAG welding. Thereare also highly-productive process variants withdeposition rates of up to 50 kg/h and more.
 Single-wire SAW processA basic SAW process is a single-wire process:• single wire (1-wire) • current: DC+• wire diameter: 1.2-6.0 mm• wire electrode: solid wire• contact tip distance (stickout): 20-40 mm
 The deposition rate depends on the welding currentand electrode diameter, as shown in Figure 1. A smallerdiameter with the same current produces a higherdeposition rate than a larger diameter because ofhigher current density. Needless to say, the currentrange for a larger diameter involves higher currents andtherefore also higher deposition rates. A smallerdiameter wire produces a more deeply penetrating and
 narrower weld bead than a larger diameter wire. Onepossible application for small diameter wires could be areduction in heat input with the same deposition ratewhen welding steels sensitive to high heat inputs.
 A diameter of 4.0 mm is generally the mostfrequently used diameter. One good rule of thumb for4.0 mm wire is 13 g/A h; with a welding current of 900A, this results in a deposition rate of 11.7 kg/h.
 Example 1: Effect of wire diameter on current density• Welding current: 400 A• 1.2 mm: 354 A/mm2
 • 1.6 mm: 199 A/mm2
 • 2.0 mm: 127 A/mm2
 • 2.5 mm: 81 A/mm2
 • 3.0 mm: 57 A/mm2
 • 4.0 mm: 32 A/mm2
 Example 2: Effect of wire diameter on deposition rate• 4.0 mm (650 A): 7.5 kg/h• 3.0 mm (650 A): 8.6 kg/h (=+ 15 %)
 Example 3: Effect of a small diameter wire on heat input• application: filling a 6 mm deep groove with an angle
 of 90°
 Svetsaren no. 2-3 • 2001 • 51
 Look at deposition rates in SAW now!by Juha Lukkari, ESAB Oy, Helsinki, Finland
 Submerged arc welding is a high-quality, reliable and productive welding processwhich is widely used in the shipbuilding, offshore, line pipe production, beamproduction, power generation and nuclear industries.
 Fig. 1. Effect of wire diameteron deposition rate (DC+,stickout: 1.2 and 1.6 mm: 20mm, 2.0 mm: 25 mm and 2.5-6.0 mm: 30 mm)
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 • weld metal: 2.83 kg/m• welding speed for filling (cm/min):• 100xdeposition rate (kg/h) : 60xweld metal (kg/m)• 4.0 mm wire:
 • welding current: 700 A• welding speed: 52 cm/min• heat input: 30 kJ/cm• deposition rate: 8.9 kg/h
 • 1.6 mm wire:• welding current: 470 A• welding speed: 48 cm/min• heat input: 19 kJ/cm• deposition rate: 8.2 kg/h
 Improving productivity in SAWProductivity can be illustrated by following formula:
 Weld metalWelding time =
 Deposition rate x duty cycle
 There are several ways of improving productivity(e.g. reducing welding time):• increasing the deposition rate (kg/h):
 • high productivity processes• improving the duty cycle:
 • several arrangements of work and workplaces• manipulators• welding instructions • automatic welding, e.g. ABW welding and so on
 • decreasing weld metal (kg/) in a groove (e.g. reducedweld metal volume):• narrow gap welding
 There are several high-productivity processvariants for basic single-wire welding:• welding using DC-• welding using long stickout• welding using cored wire• welding using metal-powder feed• welding using cold-wire feed• welding using twin wires (twin arc welding)• welding using two wires (tandem welding)• three-wire welding• and so on• different combinations of the above-mentioned
 variants:• twin-wire welding using cored wires• tandem welding using metal-powder or cold-wire
 feed• and so on
 Deposition rate and impact toughnessMany engineers may think that any increase inproductivity is automatically associated with higherheat input and reduced impact toughness. However,this is not the case. In SAW, it is possible to achieve ahigher deposition rate with no significant increase inheat input using most of the process variants referred to
 in this article This results in the retention of goodimpact toughness in welded joints.
 Only exception is tandem welding. Tandem weldingcan also be performed with a fairly low heat input if ahigher welding speed is used than in single-wire welding.
 In recent years, many developments have been madein structural steels and consumables to enable them totolerate a higher heat input during welding, withoutimpairing impact toughness.
 SAW using DC-In normal circumstances, submerged arc welding isapplied using DC+ (DCEP) because it produces goodpenetration and reproducibility. If the electrode ismade negative (DC-, DCEN), the deposition rate isincreased significantly, because of the cathodic heatingof the wire, Fig. 2. This increase in deposition rate isachieved without any additional capital expenditure.An arc voltage about two volts higher for 4.0 mmdiameter wire than that usually used for DC+ at thesame current is necessary.
 There is a reduction in penetration of between 20%and 30% when using DC- compared to DC+.This is notusually so significant, except when specific rootpenetration is required, but it has to be taken intoaccount in welding procedures. It is used quite little inbutt welding.
 The increased bulk of deposited metal resulting fromthe higher deposition rate with DC- should beaccommodated by increasing the welding speed ratherthan by allowing the bead to become thicker.
 In surfacing welding, both characteristics of DC- arevery beneficial, because a higher deposition rate reducesthe welding time and less penetration means less dilution.
 SAW using a long stickoutUsually a stickout in SAW is of 20–40 mm and it isdependent on a wire diameter. Wire burnoff rates canbe increased significantly by increasing the electricalextension, Fig. 3, but this results in less penetration.This
 Fig. 2. Effect of electrode polarity on deposition rate(diameter: 4.0 mm and stickout: 30 mm)
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 extension is usually called stickout, measured from thecontact tip to the work, although, to be strictly accurate,it should be the distance from the contact tip to the rootof the arc. This is not a bad approximation, however,because the arc is usually buried beneath the platesurface.
 The wire protruding beyond the contact tip is heatedby resistance heating (I2R effect). The degree to whichthe wire is preheated produces an increased burnoffrate with an increased deposition rate.
 With a long stickout, the wire becomes soft fromresistance heating and the end of the wire tends towander. It is therefore necessary to provide aninsulated guide for the hot wire. The maximum stickoutis about 150 mm for 4.0 mm wire. If long stickout andDC- are combined, the deposition rate almost doublescompared with DC+ and normal stickout.
 Example 4: Deposition rate with DC- and longstickout• 4.0 mm: DC+, 700 A and 30 mm
 • 9 kg/h• 4.0 mm: DC-, 700 A and 120 mm
 • 18 kg/h
 It is not known exactly how much welding with a longstickout is used; it may be very little in butt welding. In
 surfacing, this variant is again very useful as DC- above,due to the higher deposition rate and less penetration.
 SAW using cored wireA cored wire can also be used instead of a solid wirein SAW, in the same way as it is used extensively inMAG welding. As current density determines theburnoff rate of the wire, the deposition rate with thecored wire is higher than that with solid wire, Fig. 4.Only the outer steel shell (“tube”) conductselectricity, not the filling material which consistsmainly of mineral materials. The increase is about20–30%.
 Using cored wire is a very simple and easy way toincrease the deposition rate in SAW without anyadditional equipment and without any increase in heatinput. A cored wire can also be used in other high-productivity process variants to increase theirdeposition rates still further. At the present time, thereis a large range of different cored wires in the ESABconsumables range.
 Tests in the following example were conducted withthe same parameters as the existing procedure (caseA) but also with a higher welding current and travelspeed (case B). Tested with the same parameters,thicker beads are deposited because of the increase indeposition rate. An arc time reduction of 21% isobtained. At a higher welding current, while selectinga travel speed to produce the required bead thickness,arc time is reduced by 27%. The mechanical propertiesshow that this does not lead to any loss of excellentlow-temperature toughness.
 Example 5: Use of cored wire• plate thickness: 40 mm• groove type: 45°-half V• root run: MMA• diameter of wire: 4.0 mm• solid wire: 650 A, 30 V and 41 cm/min• heat input: 28 cm/min• number of runs: 25• total arc time: 35 min/m• A: The same heat input as with solid wire• cored wire: 650 A, 30 V and 41 cm/min• heat input: 28 cm/min• number of runs: 20• total arc time: 29 min/m• B: The same number of runs as with solid wire• cored wire: 750 A, 32 V and 58 cm/min• heat input: 25 kJ/cm• number of runs: 25• total arc time: 27 min/m
 SAW using metal-powder feedIn conventional SAW, only a small part of the availablearc energy is used to melt the filler wire. The remainderis dissipated in melting the flux and the parent metal, aswell as superheating the molten weld pool. So there is
 Fig. 3. Effect of stickout on deposition rate (DC+ and 4.0 mm)
 Fig. 4. Effect of cored wires on deposition rate (DC+)
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 extra energy in the arc cavity to melt additional fillermetal. Remarkable improvements in deposition ratescan be obtained by the addition of metal (iron) powderto single- and tandem-wire processes, Fig. 5.
 Two methods of powder feed have been developedand they involve either the addition of metal powder tothe weld pool ahead of the flux burden the forward-feed system, or the addition of metal powder via thewire using magnetic attraction the wire-feed system.The feed system utilises conventional submerged arcequipment with metered feed equipment for metalpowder. The typical rates for feeding metal powder are5–6 kg/h for single-wire welding and 6–8 kg/h fortandem-wire welding.
 Example 6: Metal-powder feed • single wire welding: 4.0 mm (700 A: 8.9 kg/h)• powder feed: 7 kg/h (= + 70%)• tandem wire welding: 4.0 mm+4.0 mm (2x700 A: 19.1
 kg/h)• powder feed: 8 kg/h (= + 50%)Metal-powder feed is used fairly extensively in theoffshore industry, for example, to increase processproductivity without any degradation in the mechanicalproperties of the weld metal.
 Metal-powder feed can also be used in conjunctionwith the twin-wire process and deposition rates inexcess of 20 kg/h have been achieved.
 Example 7: Metal-powder feed in the twin-wire processand an increase in productivity• twin wire welding: 2x2.4 mm• welding current: 900 A• deposition rate: 14 kg/h• welding speed: 70 cm/min• metal powder feed: 7.5 kg/h • total deposition rate: 14 + 7.5 kg/h = 21.5 kg/h• heat input: 29 kJ/cm
 SAW using cold-wire feedLast year, ESAB introduced some very simpleequipment (A6-SCW kit) for cold-wire feed, a processcalled synergic cold-wire SAW. It offers a unique
 opportunity to increase the deposition rate by up to100% compared with single-wire welding, Fig. 6. Thecold wire is fed in synergy (e.g. with the same wire-feedspeed) with the normal arc wire into a weld pool whereit melts. Because the wire feed speeds are the same, thearc and cold wire ratio always remains constant after asuitable wire diameter is selected.
 The SCW process eliminates the risk of overdosingthe filler metal. The risk of moisture pick-up, which canoccur with metal powder, is also eliminated by the SCWprocess. The SCW process can be used in an endlessvariety of combinations with solid and/cored wires,single-wire, twin- and tandem-wire welding. Accordingto users, the first experience is very promising.
 Example 8: Feeding cold wire and an increase in pro-ductivity• arc wire: 4.0 mm• current: 700 A• deposition rate: 8.9 kg/h• + cold wire 2.5 mm: 3.5 kg/h • = + 39%• + cold wire 3.0 mm: 5.0 kg/h• = + 56%• + cold wire 4.0 mm: 8.9 kg/h• = + 100%
 Fig. 6. Effect of cold-wire feed on deposition rate (DC+,diameter: 4.0 mm and stickout: 30 mm)
 Fig. 7. Effect of twin wire on deposition rate (DC+, stickout:1.2 mm and 1.6 mm: 20 mm, 2.0 mm: 25 mm and 2.5-4.0mm: 30 mm)
 Fig. 5. Effect of metal powder feed on deposition rates insingle-wire process (DC+, 4.0 mm, stickout: 30 mm andpowder feed: 70% of a wire feed, e.g. 50–130 g/min)
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 The cold wire can be either trailing or leading,depending on the penetration and build-up require-ments. It is very easy to use and can be also put on andoff very easily during welding.
 SAW using twin wire Twin-wire welding is also called twin-arc welding. Inthis variant, two wires are connected to the same powersource. For twin-wire welding, a standard SAW machineis equipped with the double drive rolls and contact tipssuitable for feeding two wires simultaneously instead ofa single wire. The twin-wire process producesconsiderably higher deposition rates than theconventional single-wire process using large diameterwires, Fig. 7. It offers deposition rates that are 30-50%higher.
 This increase in deposition rate can be attributedprimarily to the increase in current density and theincrease in resistance heating of the smaller diameterwires and hence the higher burnoff rate. The wires areof small diameter (1.2–2.5 mm). In order to achievehigher deposition rates in the twin-wire process, thediameter of the wire should be less than 70% of thediameter of the comparable single-wire process.
 Example 9: Current density in single-wire and twin-wireprocess• single wire (4.0 mm) and 600 A: 48 A/mm2
 • twin wire (2x2.0 mm) and 600 A: 95 A/mm2
 The other aspect of this process is that high weldingspeeds are possible, due to the longer weld pool.Moreover, the current capacity of the twin-wire processis higher than that of the one-wire process, as can beseen in Fig. 7.
 Fig. 8. Effect of cored wires inthe twin-wire process ondeposition rate (DC+)
 Fig. 9. Effect of tandemwelding on deposition rate(DC+/AC, 4.0 mm/4.0 mm andstickout: 30 mm). The totalcurrent is the sum of thecurrent of each wire.
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 Example 10: High-speed fillet welding with twin wire• fillet weld (PB): 3.5 mm• plate thickness: 6 mm• wire diameter: 2x2.0 mm• welding current: 800 A• arc voltage: 33-34 V• welding speed: 160 cm/minThe twin-wire process is mainly used in fillet weldingwhere very high welding speeds can be achieved.However, it can also be used successfully for buttwelding and will produce deposition rates in excessof 15 kg/h. In the twin-wire process, cored wires canbe also used to enhance uniform deposition rates,Fig. 8.
 SAW using two wiresIn two-wire welding, which is frequently also calledtandem welding, each of the two wires is connected to
 its own power source and is fed simultaneously by itsown feed unit. The lead arc, which is operated at highcurrent (normally in DC+) and low voltage, produceshigh penetration, while the trailing arc uses lowercurrent (normally in AC) to smooth and finish the weldbead profile. AC is normally used in the second wire toavoid the arc blow effects of the magnetic attraction ofclose arcs. The lead arc is normally slightly trailing andthe second arc slightly pushing. The wires used intandem are normally of large diameter (3.0-6.0 mm).
 The deposition rate obtained in tandem welding isabout twice that of single-wire welding, Fig. 9.Needless to say, the additional capital expenditure isquite high for tandem welding, as double sets ofequipment are required.Tandem welding is widely usedin heavy industry, e.g. shipbuilding, offshore, beamproduction and pipe mills. Tandem welding is not onlyrestricted to thick plates, but it is also suitable forthinner plates and the fast welding of small fillet welds.
 Fig. 10. Total arc time when weldingthick plates with different SAWprocesses (preparation: 45°-V forothers and I-groove with 20 mm gapfor narrow gap)
 Fig. 11. Summary of depositionrates in submerged arcwelding.
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 Example 11: Tandem welding for one-sided welding ofthin plate• Plate thickness: 6 mm• Groove: I groove with gap of 1 mm• Backing: glass-fibre band + copper• Tandem welding: DC+/AC• Welding head no 1 (vertical): DC+, 3.0 mm, 800 A, 30 V • Welding head no 2 (pushing): AC, 3.0 mm, 625 A, 33 V• Distance between heads: 20 mm• Welding speed: 2 m/min• Heat input: 14 kJ/cmIn conjunction with tandem welding, other highly-productive variants can be used to increase thedeposition rate still further; they include cored wires,metal-powder feed and cold-wire feed. Twin wire canalso be used in the second head (trailing head) insteadof single wire.
 Example 12: Fillet welding using tandem welding withcored wires and twin wire in the second head• Fillet weld (PB): 5.5 mm• Tandem welding: single wire+twin wire• Wire electrode: metal cored wire• Welding head no 1: DC+, 3.0 mm, 450 A and 27 V• Welding head no 2: DC+, 2x2.4 mm, 800 A and 32 V• Distance between heads: 50 mm• Welding speed: 120 cm/min• Deposition rate: 6 kg/h+14 kg/h = 20 kg/h• Heat input: 18 kJ/cm
 Narrow gap SAW Narrow gap welding represents a totally differentroute to higher productivity when welding thick plate.The main advantage of all narrow gap weldingtechniques is the reduced weld metal volume. SAWcan also be used for narrow gap welding. Thedeposition rate is generally fairly low, similar to that ofsingle-wire welding, about 5–7 kg/h. In recently-developed ESAB narrow gap tandem welding, thedeposition rates can be as high as 15 kg/h. Narrow gapwelding requires some extra equipment, including aspecial welding head.
 In narrow gap SAW, parallel-sided joint preparationis normally used with a gap of approximately 20 mm,with two beads deposited on each layer using single-wire or tandem-wire techniques. This technique isgenerally regarded as more reliable and practical thanthe single-run-per-layer technique.
 The main drawback of any narrow gap process isthe additional equipment cost, as well as the tighterpreparation and fit-up tolerances. It is of the utmostimportance that the preparations are done correctly,so that the correct root gap is obtained, and thatmismatch and misalignment of the joint are kept to aminimum.
 General comparisons based on arc times havebeen made between the narrow gap process (DC+)and conventional SAW joint preparations usingsingle and tandem wires, both with and withoutmetal-powder feed, as well as cold-wire feed, Fig. 10.
 The narrow gap process results in shorter total arctimes, above approximately 50 mm, compared with astandard single-wire procedure, aboveapproximately 70–80 mm, compared with a metal-powder or cold-wire feed process, and aboveapproximately 100 mm, compared with the normaltandem-wire process.
 ReferencesThe deposition rate curves in the figures are based onthe following references:
 Figs. 1, 2, 3, 7 and 9:• Mathematical Modelling of Melting Rates for
 Submerged Arc Welding, R.S. Chandel, WeldingJournal, May 1987
 • Deposition Characteristics of Twin-Wire SubmergedArc Welding Process, R.S. Chandel, in OffshoreMechanics and Arctic Engineering, Proceedings,1990
 Figs. 4 and 8:• OK Tubrod product brief, Esab Group (UK)
 Figs. 5 and 6:• Based on a weight of additional filler metal added to
 the single-wire process
 Fig. 10:• Mathematical calculations based on a joint cross-
 sectional area and deposition rate
 SummarySome people may feel that the SAW process shouldalready have been pensioned off, as it is more thanseventy years old and does not offer any potential ordevelopments for heavy industry.They may also suggestthat newer processes, such as beam welding, should beused.
 This is not at all the case! SAW is still in goodcondition and provides the best productivity for theheavy welding industry. Significant improvements indeposition rates can be achieved using many high-productivity SAW variants, such as cored wire, metal-powder or cold-wire feed, twin wire and tandem wire,Fig. 11.
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 Flash Butt WeldingOld welding technology – state of the art inspecial applications
 by Lars Göran Eriksson and Johnny Sundin, ESAB Welding Equipment, Laxå, Sweden
 The flash butt welding method was invented and developed during the 1930s andwas used in many different applications because of its productivity and reliability inachieving a good and consistent welding result. Some of its original applicationswere replaced by friction welding, in applications where the parts that were goingto be joined could be rotated, and arc welding, when this method was requiredby classification authorities.
 relating to the way a modern control system canovercome some drawbacks this welding method hascompared with other methods.
 The flash butt welding processFlash butt welding is one of the resistance weldingprocesses, i.e. the energy transfer to the parts that aregoing to be joined is mainly provided by resistance heatin the parts themselves. The shape of the sectional areacan be circular, oval, quadratic, rectangular or irregular.The section area can be between 200 mm and 30,000mm in production applications, but even larger sectionareas can be considered.
 The surfaces of the workpieces are positioned end toend. As a general rule, the flash butt welding process issub-divided into pre-heating, flashing and upsetting. Inaddition, pre-flashing before pre-heating can be used tohandle problems when the two surfaces to be joined are
 Figure 1.A typical flashbutt weld from arailway rail
 However, flash butt welding is still the state of the art insome specific applications and it is also beingintroduced in new applications. This article presentssome of these applications and gives technical details
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 not parallel. After upsetting, controlled post-heattreatment can be used.
 The removal (trimming) of excess material afterupsetting is often part of a totally integrated process.
 Pre-heating is carried out under low weldingpressure. When the welding joint has been heated to acertain temperature, flashing commences and thesurface material is burned off, resulting in even, cleanjoint surfaces.
 After the pre-set flashing, upsetting starts andpresses the two surfaces together with high force toproduce a good joint.The flash consisting of molten andoxidised material is removed by trimming and the jointitself is pure and consists of a thin joint line in themiddle of a heat affected zone. A typical joint from aflash butt welded rail is shown in Fig 1.
 Machine developmentDuring the past few decades, standardised machinesdesigned conceptually at a very early stage have beendeveloped into customised equipment, wherestandardised modules are used for the power electrics,the hydraulics and the computerised control system.The same controller is used for all machine sizes. In thefollowing part of this article, some of these specialcustomised machines are described.
 Joining of billets in rolling millsIn the endless welding rolling process, developed jointlyby the well-known rolling mill supplier, Danieli & C.,Italy, and ESAB Engineering in Laxå, Sweden, flash buttwelding was the welding process that was selectedbecause of the extremely short cycle time available forwelding and trimming the billets coming from theheating oven before entering the first stand in the rollingmill. The welding machine was developed by ESAB. Theother parts of the system were developed by Danieli.
 The machine is based on a totally new designconcept where space and weight saving was one of thedesign criterias. The welding time is extremely shortand, as a result, the electric power and the hydraulicand mechanical forces are impressive. Special attentionhas been paid to the harsh environment in which themachine operates. The billets are heated up to around1,050°C in the oven for the rolling process itself. This isalso necessary for the extremely short welding process.Pre-heating is not needed and flashing begins as soon asthe two ends to be joined come in contact.
 The machine can be moved by a rack-and-piniondrive in a controlled manner with the same speed as thefirst rolling stand. Using this system, the continuousrolling of long bars or wire can be performed. Several ofthese systems have been delivered to Asia, Europe andNorth America.The machine in the flashing sequence is
 Figure 2. The ESAB flash butt weldingmachine for billets in rolling mills. Thismachine is part of the complete Danieli-ESAB system.
 Figure 3. Welding sequencefrom a billet weld
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 shown in Figure 2 and a typical weld sequence diagramcan be seen in Figure 3.
 Rail joiningFlash butt welding in stationary machines has beenused for many years to weld railway rails to sections ofup to 420 metres. For the further joining of the rail onsite, flash butt welding has also been used to someextent.
 Modern stationary machines, like those shown inFigure 4, are DC machines with automatic aligningfeatures and a built-in trimming device.
 To comply with the demands imposed on a machinedesigned to be installed in rail welding trains, ESAB hasdeveloped an AC machine, specified together with theFrench company Geismar, which is a well-knownsupplier of rail processing equipment and also acts as aturn-key supplier of complete stationary and movablerail welding projects. Figure 5 shows this machine atfinal assembly at the ESAB Laxå Plant.
 Chain makingFlash butt welding is the welding method used in chainproduction for rod diameters from around 16 mm andup to the largest sizes. When it comes to the detailsrelating to modern mining chain production, referenceis made to the article in Svetsaren No. 1/93.
 For chain with rod diameters of above 24 mm, it makesgood financial sense and it is also advisable from a qualitypoint of view to manufacture chain in a continuousprocess, i.e. to use the heat needed to bend the rod in thewelding sequence as well. Energy is saved, quality isimproved and productivity is substantially increasedcompared with systems with separate bending andwelding lines.
 All stud chain (anchor chain) is manufactured incontinuous production from cut rods, through heatingdevices, bending, welding, trimming and stud pressing.Ship chain is manufactured in lengths of 27.5 m, whichis a design parameter for the chain-handling system.
 The different machines are placed in four positionsaround a rotating table and a rotating chain transportsystem, a so-called carousel arrangement.
 Offshore platform chain is manufactured to more orless any length and modern plants have facilities to dothis without separate joining stations.
 Other applications for flash butt weldingFlash butt welding should be considered for butt weldjoints if high productivity with good weld quality and arobust process is needed. Examples other than thosedescribed above include the welding of anodes inaluminium smelters (reference to article in SvetsarenNo. 3/95), the joining of T-profiles at shipyards, stripjoining in rolling mills and the joining of pipes in theproduction of industrial and power boilers, for example.
 Process controlThe flash butt welding controller (FWC) type ZVUQ-1can control all types of flash butt welding. The controlunit is housed in a cabinet that stands directly on thefloor, separate from the machine. It is built around amicroprocessor, which controls both the weldingsequence and the auxiliary functions of the machine.
 The processor executes a complete welding sequence(a welding program) containing all the parametersneeded for the successful handling of the welding cycle.The programming phase is an easy-to-learn procedureusing interactive man-machine communication. Avirtually unlimited number of welding programs can
 Figure 4. Stationary flash butt welding machine for railwayrails
 Figure 5. Welding machine for the rail welding of trainsunder assembly at ESAB Laxå before delivery to Geismar,France, for installation in a rail welding train
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 well as improving quality control, and should simplifythe present test procedures.
 naturally also be saved on floppy discs for back-uppurposes.
 The complete welding program contains parametersfor:• Physical dimensions• The pre-flashing step• The pre-heating step• The final flashing step• The upsetting step• The trimming step (optional)• The annealing step (optional)
 The controller displays the main parameters during thewelding procedure and also records these parametersfor subsequent investigation. The weld recording isdone “on line”, which means that the actual graph canbe studied on screen as the welding continues. Therecording system stores the welding records on a harddisk or directly on a central computer somewhere in theplant network, where each weld can be stored forsubsequent quality assurance follow-up.
 Apart from the recording above, there is also anothertype of recording in which a number of interesting“extreme values” are extracted from each weld and thenplotted against “weld no.”. With this latter type ofrecording, it is very easy to study trends for certainparameters. This is very valuable for quality assurancework and also for planning the maintenance of themachine.Saved recordings can also be printed on a printer.
 Testing flash butt weldsThe process controller described above has the optionof discovering possible weld defects caused by anymalfunction that can be identified in the process itself,including electric current, flashing and upsetting length,press forces and cycle times.
 Flash butt welding is a robust process that can becontrolled and supervised in a reliable and accuratemanner. As weld defects of the porosity and crack typedo not exist, non-destructive testing methods are oflimited value.
 Flash butt welding is used in many criticalapplications and different test methods are employed.Anchor chain is test-pulled to specified loads, rail jointsare tested mechanically at regular intervals and boilertube joints are tested by selecting test samples forexamination also at regular intervals.
 In special cases, welds are tested using non-destructivetesting methods to discover crack indications orimpurities. Some poor bonding (kissing bonds or greyspots) cannot be discovered by NDT, but the sameproblem can also occur with other welding methods.
 ConclusionFlash butt welding is a reliable, well-proven weldingmethod which will continue to be the best process for anumber of metal joining tasks when the section area isabove 200 mm or thereabouts. New machine andcontrol technologies will open new application areas, as
 Figure 6. Automatic chain-making plant ESAB ZAC 554,rod dimension 18-34 mm
 Figure 7. Typical weld sequence from rail welding. Thepicture can be stored in a data bank or printed on paper.
 About the author
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 Electroslag strip claddingfor corrosion resistanceby Dipl.-Ing. R. Paschold, ESAB GmbH, Solingen, Germany
 The resistance electroslag cladding process with strip electrodes (RES-cladding)is widely used for producing corrosion resistant clad layers by welding on mild orlow-alloyed steels. Very common are milled and sintered strips for stainlessaustenitic or Nickel-based claddings. The choice of the welding flux and thewelding parameters is not only influencing the deposition rate and the dilutionfrom the base material in a certain amount. This paper describes several technicaland economical details that should be taken into consideration by the user of theRES-cladding process.
 1. IntroductionThe electro-slag strip-cladding process is increasinglyused for the production of corrosion resistant overlaysin equipments for the offshore- and process- industries.Since it has been developed in the early seventies, thetechnical and economical advantages of this processhave resulted in more widespread use compared to thatof submerged arc strip cladding.
 2. Principle of RES-CladdingResistance Electroslag Cladding belongs to theresistance welding processes and is based on the ohmicresistance heating (I2R) in a liquidized electro-conductive slag. The heat generated by the molten slagpool melts the surface of the base material, the stripelectrode dipping in the slag and the flux.
 Compared to SAW-strip cladding the flux supply isdifferent. The welding flux is only supplied on one side
 in welding direction (Fig. 1). Normally the flux height isbetween 20 and 35 mm. The temperature of the slagpool is about 2,300°C and it is emitting visible light andinfrared radiation. The resulting thermal load makes itnecessary to water-cool the trailing contact jaw.Because of the higher welding currents to betransferred, the welding heads for RES-cladding aremore heavily built than welding heads for SAW-stripcladding (Fig. 2).
 Compared to submerged arc strip cladding theelectroslag cladding process shows the followingfeatures:• Increased deposition rate by 60 to 80%• Only half of the dilution from the base material
 through less penetration (about 10–15%)• Lower arc Voltage (24–26 V)• Higher Amperage and current density (About
 1,000–1,250 A with strips of 60 mm width,corresponding to 33–42 A/mm2)
 • Increased welding speed (50–100% higher), resultingin a higher area coverage in m2/hFig. 1. RES-strip cladding process
 Fig. 2. Welding head ESAB A6-ES with water-cooledcontact jaw for RES-strip cladding at work.
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 • Comparable heat input in the base material• Lower flux consumption (0,5–0,8 kg/kg strip)In addition the solidification rate of the RES weldmetal is lower, improving the degasification and theresistance to porosity. Oxides can rise easier out of themolten pool to the surface; the overlay metal is cleanerfrom a metallurgical point of view and less sensitive tohot cracking and corrosion.
 3. Consumables for RES-Strip cladding3.1 Welding Fluxes
 The RES-process requires a slag pool with an Ohmicresistance behaviour. In comparison to SAW claddingthe electrical conductance must be remarkably betterto avoid arc flash, which is recognized as a disturbanceof the process. Basic fluxes, consisting mainly ofFluorspar, deliver a slag with the properties of hotconductors, repressing arc break out effectively [1]. Theprinciple ingredient of fluxes for RES-strip cladding iscalcium fluoride (Fluorspar, CaF2); where the basicityaccording to Boniszewski is 4–5.
 With increasing proportion of CaF2 the electricalconductance of the slag increases, the resistance and theresulting generation of heat is decreasing. The dilutionand the deposition rate at similar welding parameters aredecreasing consequently. Furthermore the viscosity ofthe slag is lower with higher CaF2-contents of the flux.The molten pool of a more fluid slag is wider and not asdeep. This can be an advantage for cladding with stripalloys of high viscosity like Nickel and Cobalt alloys.Thewetting is improved and the weld bead is of greaterwidth and less thickness. Its surface is very smooth witha shallow slope. This is also connected to the lowertemperature of solidification and the increased length ofthe fluid slag pool. Especially for cladding with Nickelbased alloys the lower dilution rate is of advantage,because the lowest possible Fe-content of the weld metalis normally aspired for the best possible corrosionresistance of the cladding. Compared to a three-layercladding using SAW often a two-layer RES-cladding is ofsimilar or better corrosion resistance.
 Welding CaF2- Electrical Solidifi-
 Flux Content Conductivity fication
 OK Flux 10.10 64% middle middleOK Flux 10.11 70% high slowOK Flux 10.12 60% low fast
 Table 1. Content of Fluorspar and typical properties ofwelding fluxes for RES-cladding.
 OK Flux 10.10 is a universal flux, which can be com-bined with strips of stainless steel, or nickel basedalloys. In comparison, OK Flux 10.11 is used forcladding with higher welding speed and for specialalloys with bad wetting behaviour. OK Flux 10.12delivers a fast freezing slag, best suitable for cladding ofcylinders and rollers. The lower the diameter of thecylinder, the more difficult is the holding of the moltenslag pool on the top, especially with slow freezing slag.
 Fig. 3. Self-lifting slag of OK Flux 10.10, combined with asintered strip of Super-Duplex steel (OK Band 11.88).
 But one of the most important requirements to allwelding flux for RES-cladding is the slag detachability(Fig. 3). This is also valid for Niobium-stabilized clad-ding alloys and Nb-alloyed Nickel strip electrodes.
 3.2 Strip Electrodes
 For cladding with standard alloys the application ofrolled, solid strip electrodes is very common. Since onemelted heat consists of 40–60 tons normally, theproduction of solid strips is limited to standard alloyslike austenitic steels and the most common Nickelbased welding alloys. The productions of special alloysin small batches invoke high expense resulting in highcosts and long lead times. On the other hand thestiffness and ductility of solid strips are of advantage forthe internal cladding of pipes and pressure vessels ofsmaller diameters.In the last few years the production of sintered stripelectrodes has successfully been accomplished. Theadvantages of sintered strips are:• Alloys that are impossible or difficult to produce by
 melting and rolling (like Cobalt alloys) can beproduced as sintered strip electrode.
 • Sintered strips are also available in small heats andas tailor-made alloys for special applications.
 To compensate the dilution from the mild or low-alloyed base material in the first layer of RES-claddings, over-alloyed strip electrodes are used.Compared to SAW-cladding the dilution of the RESprocess is lower and the over-alloying of the strip forthe first layer is not as high. To produce a single layercladding with a weld metal composition of 19 9 Nb/ 347,for SAW, a strip of type S 23 12 Nb (EQ309LNb) isselected (Table 2, 3). For RES-cladding the type chosenis S 21 11 Nb. The choice of the suitable strip com-position has to be done in respect to the expected andacceptable content of ∆-Ferrite in the weld metal. Insome applications over-alloyed strips made for SAWare used for RES-cladding variants with higherdilution. Deeper penetration with higher dilution fromthe base metal can be found in RES-cladding processeswith high welding speeds combined with high currents.
 4 RES strip cladding with increasedefficiency
 4.1 Objectives
 The efficiency of the RES strip cladding process withcommon welding parameters and width of the strip isremarkably higher than that of SAW cladding. But for
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 Table 2. Solid strip electrodes for RES-cladding (other grades are available on request).
 designation Classifications according to Strip composition (typical) [%]
 ESAB EN 12072, DIN 1736 W.-Nr. AWS A5.9, 5.14 C Si Mn Cr Ni Mo Nb
 OK Band 11.61 S 19 9 L 1.4316 EQ308L 0,02 0,3 1,8 19,8 10,5 - -OK Band 11.62 S 19 9 Nb 1.4551 EQ347 0,02 0,3 1,8 19,5 10,0 - 0,6OK Band 11.63 S 19 12 3 L 1.4430 EQ316L 0,02 0,3 1,8 18,5 13,0 2,8 -OK Band 11.65 S 23 12 L 1.4332 EQ309L 0,02 0,3 1,8 24,0 13,0 - -OK Band 11.66 S 23 12 Nb 1.4556 EQ309LNb 0,02 0,3 1,8 24,0 13,0 - 0,6OK Band 11.71 (S 21 11 L) (1.4332) EQ309L 0,01 0,3 1,8 22,0 11,0 - -OK Band 11.72 (S 21 11 Nb) (1.4556) EQ309LNb 0,01 0,3 1,8 21,0 11,0 - 0,6OK Band 11.73 (S 21 13 3 L) (1.4459) EQ309LMo 0,01 0,3 1,8 21,0 13,0 3,0 -OK Band 11.92 UP-NiCr21Mo9Nb 2.4831 ERNiCrMo-3 0,02 0,2 0,4 22,0 Basis 9,0 3,5OK Band 11.95 UP-NiCr20Nb 2.4806 ERNiCr-3 0,03 0,2 3,0 20,0 Basis - 2,5
 Table 3. Sintered strip electrodes for RES-cladding (other grades available upon request).
 designation Classifications according to Strip composition (typical) [%]
 ESAB EN 12072, DIN 1736 W.-Nr. AWS A5.9, 5.14 C Si Mn Cr Ni Mo Nb
 OK Band 11.42 S 23 12 L 1.4332 EQ309L 0,01 0,3 1,8 24,0 12,0 - -OK Band 11.44 S 19 12 3 Nb 1.4576 EQ318 0,01 0,3 1,8 19,0 12,0 2,8 0,6OK Band 11.45 (S 13 4) (1.4351) ~EQ410NiMo 0,10 0,5 1,6 13,5 5,5 1,7 -OK Band 11.47 S 19 9 Nb 1.4551 EQ347 0,01 0,4 1,8 19,5 10,5 - 0,6OK Band 11.48 S 19 13 4 L (1.4447) EQ317L 0,01 0,4 1,8 18,5 13,8 3,5 -OK Band 11.49 (S 21 13 3 L) (1.4459) EQ309LMo 0,01 0,2 1,8 22,0 14,0 3,0 -OK Band 11.93 UP-NiCr21Mo9Nb 2.4831 ERNiCrMo-3 0,01 0,1 0,2 22,0 Basis 9,0 4,0OK Band 11.97 UP-NiCr20Nb 2.4806 ERNiCr-3 0,01 0,2 3,2 20,0 Basis - 2,3
 some years now there are tendencies of increasing itstill further. This necessity becomes stronger with thegrowing pressure of competition in the welding mar-ket. Up to now there are three different ways, which aresuccessful or seem to be promising:• Cladding with strip electrodes of larger width,• Process variants with extended stick out,• Increased travel speed with special fluxes.
 4.2 Strip electrodes of increased width
 To increase the cladding efficiency (cladded area perperiod of time), wider strips than those commonly usedare applied for the cladding of large areas on pipeplates or in large pressure vessels. Normally 90 mmwide strips are then applied (Fig. 4), Applications withstrips of up to 250 mm in width are also known to havebeen utilized [2].
 Using strips wider than 60 mm raises the technicalrequirements of the welding equipment. Special stripwelding heads and very powerful welding powersources are needed. Often an additional magnetic fieldcontrol system is required to improve the beadappearance by neutralization of the magnetic bloweffect.The increasing depth of the HAZ with increasingstrip width has also to be taken into consideration.
 4.3 Extended stick-out
 Normally a stick out between 30 and 40 mm is used forRES-cladding. To increase the deposition rate of the
 Fig. 4. Higher cladding efficiency using a wider strip(dimension 90 x 0,5 mm).
 process, the stick-out can be increased within certainlimits. According to the I2RT-method known fromGMAW, the rising preheating of the strip electrode isconnected to higher deposition rates.
 Taking into account that austenitic solid stripspossess a high electrical resistance. When exceedingcertain limits of welding current or stick out the strip
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 Fig. 5. Increased deposition rate relating to strip width (at100% duty cycle) acc. to [3].
 will fuse within the exposed strip length [4]. Because oftheir composition of metal powders, sintered stripshave a better electrical conductivity. The stick-out canvariably be increased (up to 90 mm). This to takeadvantage of the increased deposition rate by I2R-preheating.
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 Fig. 7. Conductivity of the slag at 1700°C depending on theFluoride content [1].
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 Fig. 6. RES cladding with extended stick out.
 4.4 Fluxes of high conductivity
 The composition of the welding flux influences theconductivity, the solidification range and the viscosityof the molten slag. To increase the cladding speed atcorresponding high welding currents, fluxes producinga slag of high electrical conductivity and low viscosityare used to avoid disturbances of the electroslagprocess.
 Fig. 8 shows the RES-cladding process at a speed of45 cm/min using OK Band 11.66 (60x0,5 mm) and OKFlux 10.11 during tests for a research project at thewelding institute ISF Aachen in Germany. At a weldingcurrent of about 2,500 Amps the deposition rate isabout 56 kg/h.
 5 Corrosion resistance
 5.1 Features of RES-claddings
 Compared to the corresponding steels, available inquenched or cold rolled condition, RES-claddings showpartly higher corrosion rates, but lower than those of
 This requires special welding heads giving the strip abetter stability by putting it into a shape. The strip canbe formed to an U-shape using special driving rolls andcontact jaws. Often highly fluoride fluxes withincreased electrical conductivity of the slag are used forcladding with extended stick out. Additionally powersources supplying the required high currents andmagnetic steering units are needed. Corresponding tothe increased deposition rate the welding speed can beincreased by up to 30%. The dilution from the basemetal decreases. This is useful for claddings with Nickelalloys with limited permissible ferrous content todecrease the number of the layers needed.
 Fig. 8. Highspeed-Cladding with OK Flux 10.11.
 SAW-claddings. To estimate the suitability of a weldedoverlay for certain corrosion conditions, thequalification by cladded specimens in corrosion testshas to be recommended. The reasons for the lowercorrosion resistance of welded overlays compared tosimilar steels are the coarse-grained structures of weldmetals and especially the precipitations of intermetallicphases. Intermetallic phases can occur during therelatively long cooling time and also during the postweld heat treatment (stress-relieving), which is re-quired sometimes.
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 5.2 Ferrite content in austenitic claddings
 To be resistant against hot cracking, the austeniticstandard strip electrodes (OK Band 11.61, 11.62, 11.63,11.71, 11.72, 11.73 etc.) are alloyed to produce a weldmetal containing a certain amount of ∆-Ferrite.Frequently the content of ∆-Ferrite is limited by therules of the chemical and petrochemical industry tomaximum of 8% (or to be between 2 and 8%). Withhigher concentrations a ferritic lattice at the grainboundaries may occur, which impairs the corrosionresistance and the ductility of the welded overlay. Athigher operating temperatures or during the post weldheat treatment (as required by the European pressurevessel and ASME-codes), Carbides can precipitate tothe ferritic lattice and sigma phase will be found. Sigmaphase mainly lowers the toughness and can lead tointer-granular corrosion. Consequently the adjustmentof the ∆-Ferrite content in the weld metal is of utmostimportance. The biggest influence on the resultingferrite content greatly involves welding speed, whichalso affects the dilution of the base material. If a verylow travel speed is used with overalloyed strip duringcladding of the first layer, the result would be a very lowdilution but at the same time acquiring an unacceptablehigh content of ferrite. Welding speed is not only aneconomical factor but also a metallurgical one. Withstrip electrodes like OK Band 11.71, 11.72 and 11.73 /60x0,5 mm for electroslag cladding, welding speeds of18 to 20 cm/min are selected as usual parameters (about1,200 Amps and 24 Volts). If the requested thickness ofthe overlay is more than 5 mm, a second layer withanother strip (OK Band 11.61, 11.62 or 11.63) isrecommended instead of cladding a single thick layerwith high ferrite content.
 6. Applications6.1 Austenitic cladding of a separator
 Fig. 9 shows a dished end of a condenser/separator forthe petrochemical industry. A single layer cladding on35 mm thick mild steel P355NL1 (TStE 355, 1.0566)with a weld metal of type 316L/1.4430 was specified. Tomeet the low-carbon-limit (C 10,03%), the carboncontent of the overalloyed strip had to be very low.
 Because of availability a sintered strip is available(OK Band 11.49) with C=0,008% was chosen. At adilution of about 13% the Carbon content of the weldmetal was measured to 0,025%, the ferrite content aswelded to about 8 FN.
 The welding parameters: 650A, 24V and 18 cm/min.The stick-out was 40 mm, the overlap 8 mm and theproduced thickness of the overlay about 4,5 mm. Theother sections have been cladded with OK Band 11.49in 60x0,5 mm at about 1,250 Amps.
 6.2 Cladding of a tube plate
 Fig. 10 shows the surface of an RES-cladded tube platefor a chemical reactor. It is cladded in two layers withsolid (OK Band 11.95) and sintered (OK Band 11.97)strips of type “Inconel 82“ (NiCr20Nb, 2.4806). Toacquire decreased dilution from the base material thewelding current and the travel speed has to be limitedto a lower level compared to steel strips.
 Fig. 9. RES cladding of a dished end section withOK Band 11.49 (30 x 0,5 mm) and OK Flux 10.10.
 Fig. 10. Tube plate (ø8 m) cladded with OK Band 11.95and 11.97 (60 x 0,5 mm).
 With the chosen welding parameters (1,000A, 24V,17 cm/min) the dilution from the mild steel base metallead to a Ferrous content Fe=14,5%, in the second layerFe=4,4% were measured, which was far below thespecified Fe 11%.
 6.3 Cladded reactor
 In Fig. 11 a cross section is shown, RES-cladded usingsimilar welding parameters but with OK Band 11.92,
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 Fig. 11. Cross-section of an Inconel 625-cladding.
 has been developed for overlaying of cylinders androllers of smaller diameters (OK Flux 10.12). So-calledhigh-speed-fluxes with a wider solidification range likeOK Flux 10.11 produce a slag of low viscosity and highconductivity, which is suitable for increased travelspeeds or decreased penetration.Depending on the welding parameters the choice of thealloy of the strip electrode and of the welding flux areimportant for the quality of the overlay. For single layercladdings and the first layer of multi layer claddingswith over alloyed strip electrodes the welding para-meters are of importance and the acceptable content of∆-ferrite has to be taken into consideration carefully. Alow as possible dilution from the un- or low-alloyedbase material is not desirable if over alloyed austeniticsteel strips are used. This could lead to high ferritecontents injuring the corrosion resistance andtoughness of the overlay weld metal. On the contrary alowest possible dilution should be aspired in claddingjobs with Nickel-based strip electrodes.
 8 References[1] Oh, Y. K. a. o.: Low-Dilution Electroslag Claddingfor Shipbuilding.Welding Journal (1990), No. 8, p. 37/44.[2] Takano, G. a. o.: Welding of Stainless Steel inNuclear Energy Industry. Welding in the World 36(1995), p. 193/200.[3] Killing, R. and D. Böhme: Leistungskennwerte desElektroschlackeschweißplattierens mit Band-elektrode.Schw. Schn. 40 (1988), No. 6, p. 283/288.[4] Newell, W. F. jr. and R. A. Swain: High Speed, HighDeposition Strip Cladding Using Sintered Strip. HeavySteel Fabrication Conference, New Orleans, February1997.
 which is of type „Inconel 625“ (NiCr21Mo9Nb, 2.4831).The depth of the HAZ, the overlapping zone and thecoarse-grained weld metal are a good example. Theuneven shape of penetration is typical for RES-claddings with Nickel-alloys.
 Fig. 12 shows a dished end of a vessel for the processindustry, made of 10CrMo9-10 base material, duringcladding in two layers with OK Band 11.92 (60x0,5mm). The Ferrous content of the weld metal specimenswas measured to Fe=9,1% in the first and Fe=2,4% inthe second layer (average from four measurements).Fe 5% was the limit of the customer’s specification.Due to that a two-layer-technology had to be chosen.
 Fig. 12. Cladding job at the dish-end (10CrMo9-10) for achemical reactor with OK Band 11.92 (60 x 0,5 mm) in twolayers at 1,000 Amps, 24 V, 17 cm/min.
 7 Concluding remarksThe electroslag strip cladding process with solid orsintered strips of dimensions 60x0,5 and 30x0,5 mm iswidely used today for producing corrosion resistantwelded overlays. Process variants with improvedcladding efficiency based on increased deposition ratehave been developed, which raise special requirementsof the power sources, strip welding heads and alsowelding fluxes. Several fluxes with differentcharacteristics are available, suitable for a wide range ofdifferent application fields. Beside universal fluxes likeOK Flux 10.10, a flux with relatively fast solidifying slag
 About the author
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 Welding in the chemical industryby G. Kaulich and P. Kaißer, ESAB Solingen, Germany
 The chemical industry manufactures a wide variety of products, ranging fromchemicals, fertilisers, pharmaceutical products via plastics and greases tocosmetics, to name but a few. These products are made in reactor, pressurevessels, boilers or columns, processed in agitators and transported through pipesystems.
 Many of the products made, their intermediateproducts or the media required for their manufactureare corrosive and call for suitably resistant materials.This is why the chemical industry is the typical field ofapplication for chemically-resistant steels, formerlyknown as corrosion-resistant or simply stainless steels.These steels are used by firms that build apparatus andpipework or by suppliers of the necessary productionplants, and welding plays an important role in this.
 Particular attention should be paid to the physicalproperties of austenitic CrNi and CrNiMo steels.Stainless Cr steels are of only minor important here.The fact that their thermal conductivity is lower thanthat of unalloyed steels may lead to overheating of thematerial. Their higher coefficient of thermal expansionencourages the creation of stresses and/or distortion.
 This calls for appropriate welding parameters. Manywelding processes that are very important whereordinary structural steels are concerned therefore tendto be under-represented when it comes to the weldingof chemically resistant steels.
 The purpose of this article is to investigate thesuitability of individual welding processes for use in theconstruction of chemical plants, and to highlight andclarify with application examples the special demandsthey place on welding technology and the weldingequipment.
 Materials and welding consumablesTable 1 lists the major chemically-resistant steelsconforming to EN 10088-1.They can be subdivided intoconventional CrNi and CrNiMo steels, fully austenitic
 Table 1. The main chemically-resistant steels to EN 10088-1
 average alloying content in %
 Material No. Alloy type C Cr Ni Mo Ti Rest
 Standard
 1.4301 CrNi 0,07 18,5 9,5
 1.4306 CrNi nC 0,03 19,0 11,0
 1.4541 CrNi Ti 0,08 19,0 10,5 +
 1.4401 CrNiMo 0,07 18,0 12,0 2,5
 1.4404 CrNiMo nC 0,03 18,0 12,0 2,5
 1.4571 CrNiMo Ti 0,08 18,0 12,0 2,5 +
 Austenite
 1.4439 CrNiMoN nC 0,03 18,0 13,5 4,5 N
 1.4539 NiCrMoCu nC 0,02 20,0 25,0 4,5 Cu
 1.4529 NiCrMoNCu nC 0,02 20,0 25,0 6,5 N, Cu
 1.4547 CrNiMoNCu nC 0,02 20,0 18,0 6,5 N Cu
 1.4563 NiCrMoCu nC 0,02 27,0 31,0 3,5 Cu
 Duplex
 1.4362 CrNiN nC 0,03 23,0 4,5 N
 1.4462 CrNiMoN nC 0,03 22,0 5,5 3,0 N
 1.4507 CrNiMoNCu nC 0,03 25,0 6,5 3,5 N, Cu
 1.4410 CrNiMoN nC 0,03 25,0 7,0 4,0 N
 1.4501 CrNiMoNCuW nC 0,03 25,0 7,0 3,5 N, Cu, W
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 steels, also known as super-austenites, and ferritic-austenitic duplex steels.The first group contains the standard austenites, knownfor and proven over many years. They possess anaustentic structure, but may also contain a small per-centage of ferrite.
 The second group, the super-austenites, are higher-alloyed materials with an extremely low carboncontent. Some of them are alloyed with copper.Nitrogen stabilises the structure and reduces thetendency for the precipitation of intermetallic phases,which may adversely affect the resistance to corrosion.Because of their higher chromium and nickel content,as well as the additional alloying elements and thestable-austenitic condition of the structure, they canalso be used under extremely corrosive conditions,above all where ferrite fractions in the structure ofconventional steels might lead to selective corrosion.
 The third group has a two-phase structure made upof about 50% each of ferrite and austenite. This makesthem especially resistant to stress corrosion, which mayoccur in lyes or in media that contain chlorine if thematerial is subject to tension stresses, for example afterwelding.
 It is a basic rule that chemically-resistant steels mustbe welded with consumables of the same or a similartype. ESAB has developed a wide range of weldingadditives for these groups of steels [1]. Table 2 listssuitable welding consumables for the major basematerials.
 Thoughts on the suitability of chemically-
 resistant steels for weldingThe smallest difficulties are to be expected withconventional austenitic steels. With correctly balancedCr-/Ni equivalents, they harden ferritically first,undergoing conversion to austenite later as they cooldown. Their susceptibility to solidification cracking is
 therefore very low. However, because of their lowthermal conductivity, thermal congestion may causeareas of overheating, which reduce the toughness andcorrosion-resistance of steels.These materials should bewelded with low heat input, in other words with a lowwelding current and/or a high welding speed.
 Super-austenites are prone to solidification crackingbecause of their austenitically-stable structure. Theymust therefore be welded relatively “cold”, with lowcurrents and small weld pools. Thin melt runs arepreferable to broad pendulum layers. On the otherhand, it is important to bear in mind that the shrinkageincreases with every layer, above all at right angles tothe weld seam. In chemically-resistant steels this isencouraged by the high coefficients of thermalexpansion. A reasonable compromise should thereforebe aimed for as regards the number of layers to beapplied.
 Duplex steels are well suited for welding. The jointsare not in danger of solidification cracking. However,under certain conditions, duplex steels are prone tocold cracking. A low hydrogen content in the basemetal should therefore be aimed for.
 To ensure good toughness and corrosion properties,the following instructions must be observed [2].• Cooling after welding should not be too rapid in the
 region affected by heat. The gap energy musttherefore be high for thick materials and low for thinmaterials (less than 5 mm).
 • The buffering temperature should not go above150°C for thin materials and 180°C for thickermaterials.
 • To ensure the desired two-phase structure in theweld metal, the nickel content of the weldingconsumables must be higher than that of the basematerials.
 Using the different fusion welding processes with thecorresponding current sources and equipment
 The factors that govern the choice of welding process
 Welding Process MMA MAG TIG FCW SAW
 Steel type/ W. Nr. OK OK Autrod OK Tigrod OK Tubrod OK Autrod
 1.4301/ 61.30 16.12 16.12 14.30/ 16.10 *
 1.4306 15.30
 1.4541 61.30/ 16.12/ 16.12/ 14.30/ 16.10/ *
 61.80 16.11 16.11 15.30 16.11
 1.4401/ 63.30 16.32 16.32 14.31/ 16.30 *
 1.4404 63.31 15.31
 1.4571 63.30/ 16.32/ 16.32/ 14.31/ 16.31 *
 63.80 16.31 16.31 15.31
 1.4539 69.33 16.55 16.55 16.55 *
 1.4547 92.45 19.82 19.82 - 19.82 **
 1.4462 67.50 16.86 16.86 14.27 16.86 *
 1.4410 68.55 16.88 16.88 - 16.88 *
 * OK Flux 10.93** OK Flux 10.16
 Table 2. Allocation of suitablewelding consumablesaccording to Table 1
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 are material thickness, shape of joint, degree ofmechanisation to be used, welding position and oftenthe material to be welded as well.
 Digital current sources are being used more andmore in the chemical industry. The advantage of thistype of current source is that its control characteristicsare not dependent on the hardware used (transformers,chokes, etc.). Instead the welding is controlled bysoftware. This leads to a marked improvement in thestability of the arc and the reproducibility of thewelding results.
 Manual arc welding (MMA)Manual arc welding with stick electrodes is still usedrelatively frequently in the construction of chemicalplant, compared with other fields of manufacture.Among the reasons for this is that it results in a high-quality seam and that the seam surfaces show relativelylittle oxidation compared with MAG welding, forinstance, so that there is less need for follow-up work inthe form of grinding, brushing or pickling, which cansoon cancel out the advantages of mechanisedMIG/MAG welding. These oxide skins must in anyevent be removed before the component goes intoservice, since they reduce the resistance to corrosion inthis region. This applies to the face in contact with theproduct, mainly the inside of containers and pipes.Externally they are removed mainly for reasons ofappearance.
 Nowadays, the electrodes used are predominantlyrutile-coated stick electrodes. Compared withelectrodes with a basic coating, these provide good slagremoval and smooth seam surfaces (Figure 1). This isespecially the case with fillet welding.As well as normalelectrodes there are also core-stick-alloyed high-performance electrodes with enhanced feed rate.
 The main current sources used nowadays areinverters with primary clocking. In addition to theiroutstanding welding characteristics, they offer manysupplementary functions such as hot start und anti-stickeffect. Figure 2 shows the manual arc welding in theconstruction of a chemical plant. Tubular reinforce-ments are being welded to containers.
 Tungsten inert gas welding (TIG)At least in terms of the number of instances of its use,this is the welding process most widely used in thechemical industry. Manual TIG welding is often usedfor root welding. The fact that the supply of weld metal
 is independent of the current makes this processsuperior to any other for this purpose. However,because of the low feed rate, the remaining layers areoften applied by other processes, for example bymanual arc welding.
 A frequent application of mechanised welding onchemically resistant pipes is TIG orbital welding [3].
 Pulse welding with pulse frequencies of up to about10 Hz is used for this welding process, because it givesbetter pool control, combined with good fusionpenetration. The fact that successful root welds can bereproducibly made with very low constriction, ie a sagof less than 0.1 mm, is a particularly important factorhere. This is especially important in “piggable” pipes,which must be accessible to an internal cleaning devicefor regular cleaning ( Figure 3). TIG orbital welding isalways done gapless.
 The pipes are often prefabricated with welded-onfittings in the form of bends, flanges or tees by means oforbital welding. The pipework systems are then weldedtogether on site using this process. TIG orbital welding
 Figure 1. Buttwelding with highdeposition rateelectrode OK 63.41
 Figure 2. Manual metal arc welding in the construction ofchemical plant
 Figure 3. Orbital tube-to-tube welding
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 is also used to weld pipes into tube plates, a frequentpractice for heat exchangers or reactors in the chemicalindustry.
 A typical application for TIG orbital welding in thisfield of industry is pipework for various process lines.Figure 4 shows TIG orbital welding being used to makeconnections in an assembly of this kind.
 Metal inert/active gas welding (MIG/MAG
 welding)Inert gas welding is seldom used for the group ofmaterials dealt with here, so that we are by definitionmainly concerned with MAG welding. Formerly,argon/oxygen mixtures with 1–5% oxygen were usedfor this. One consequence of this, however, was that theseam surface itself and the adjacent regions wereheavily oxidised, which meant a lot of subsequent workto remove these oxide layers before the componentcould be put into a service [4].
 The use of gases containing CO2 is problematic,because the carbon monoxide given off ondisassociation of carbon dioxide leads to carburisationof the weld metal, reducing its resistance to corrosion.However, small fractions of CO2 do not causeproblems. For some time now, argon with 2.5% CO2has been successfully used for welding chemically-resistant steels. On top of improved fusion penetration,there is the further advantage that the seam suffers lessoxidation than with argon/O2 mixtures. Reservationsabout the use on stainless steels of the three-component gas Ar+5%O2+5%CO2 introduced forwelding unalloyed steels have recently been set aside.A further drawback of MAG welding is the risk of flankand layer bonding defects. Although this risk is smallerhere than with unalloyed steels, because of the lowerthermal conductivity, the poor detectability of suchdefects by non-destructive material testing methodsmeans that such defects may go undetected. For this
 reason, the internal works standards and constructionregulations of various chemical companies in Germanyprohibit the use of this process. The drawbacksdescribed has so far prevented wider use of the MAGprocess in the construction of chemical plants.
 Flux-cored wire welding (FCW)Flux-cored wire for welding chemical-resistant steelsand in the form of slag-carrying wires. All the coredwires in the ESAB range belong to the group of gas-shielded cored wires, meaning that they are used inMAG welding. Unlike solid wires, they can be meltedunder argon gas mixtures with a higher CO2 content of18%, for example, some of them even under purecarbon dioxide. Carburisation of the weld metal is a lessimportant factor, especially with slag-carrying wires.With these types, there is significantly less oxidation ofthe weld metal surface and the regions close to theweld, eliminating a major drawback of MAG weldingwith solid wire. The higher feed rate that this makespossible and the reduced risk of bonding defects arefurther advantages that could lead to wider use of thisprocess in chemical plant construction.
 Submerged-arc welding (SAW)There is still a widespread belief that submerged-arcwelding is only suitable for joining heavy-gauge plates.Plates upwards from 3 mm thick can indeed be joinedon one side, with backing for the molten pool. Withstainless steels, position/ counter-position weldingfluxes as an I-shaped butt joint is possible at materialthicknesses of about 5–10 mm. Beyond that, the edgesof the workpieces must be chamfered to form a Y– orDY–seam.
 For submerged-arc welding of stainless steels thereare special fluxes which either metallurgically reducethe chromium melting loss or even prevent it
 Figure 4. TIG orbital pipe welding in the plant
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 completely by chromium supports. The latter outcomeis only possible with agglomerated welding powders.
 The SAW process gives very smooth run surfaces,from which it is easy to remove the oxide coating. Sincethe process is only used on a fully mechanical basis, ahigh level of investment is necessary. It can only be usedfor long, continuous longitudinal seams or for circularwelding. Most applications are therefore to be found inthe welding of circular seams on large vessels. Figure 5shows SAW welding on a vessel for chemical processes.
 Another field of application for the SAW process inthe construction of chemical plants is the plating ofsurfaces by SAW strip surfacing. This process can beused on components of unalloyed or low-alloyedconstruction steels to make the side in contact with theproduct corrosion-resistant by applying layers of high-alloyed steel.
 Other processesA further process used in chemical plant construction isplasma welding. Here, the keyhole technique is used toweld longitudinal seams of vessel courses of CrNi steelto 3–6 mm thick plates in one layer, including thecircular seams.
 Because of its better performance, electro-slag stripplating is gradually beginning to replace SAW plating invessel construction.
 Forming when weldingIt has already been mentioned that the oxide coatingsthat form on and beside the seam owing to corrosionmust be removed by brushing, grinding or picklingbefore the component is used. However, this is oftenimpossible in the inside of small-diameter vessels orpipes. In such cases the oxide coatings must be
 prevented from forming by using protective gas todisplace the oxygen from the inside of the components.In addition to argon itself, argon/hydrogen mixtures arealso suitable for this purpose. If the materials to bewelded permit, less expensive gases such as nitrogen orhydrogen/nitrogen mixtures may also be used for this.Since these gases have a positive effect on theunderside of the root by their cooling action, they arecalled forming gases.
 Result:The particular physical properties of austenitic CrNisteels and the severe demands placed on them inchemical plant construction, call for welding processes,that take these features into account.
 For fusion welding, therefore, the processes that haveproven themselves here in particular are manual arcwelding, TIG welding and the SAW process. Thechemical industry also places severe demands onwelding equipment, in order to reproducibly achievedefect-free connections. One might go so far as to say:“Here, the best is just good enough”.
 Bibliography:[1] J. Strömberg: Welding of stainless and nickel-based materials in the chemical and petrochemicalindustries, Svetsaren Vol. 52, No. 1-2 1997, p. 3–9[2] R. Killing and U. Killing: Entscheidend ist dieWärmeführung – Schmelzschweißen von Duplexstahl(Heat management is crucial–fusion welding of duplexsteel), Metallbau H. 6/1999, pp. 66–69[3] E. Schofer, G. Kaulich: WIG Orbitalschweißen:Prozessvarianten Ausrüstungen und Anwendungen inder Praxis (TIG orbital welding: process variants,equipment and applications in practice), 7th Inter-national Aachen Welding Colloquium 2001, pp.419–430.[4] Linde Brochure D-01/97: Gäse zum Schveißenund Formieren – Tips für Praktiker. Gases for weldingand forming –Tips for practitioners.
 Figure 5. SAW welding on a large vessel
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 Laser welding – will it have anysignificant impact on welding?by Herbert Kaufmann, ESAB Welding Equipment AB, Laxa, Sweden
 For some time now, laser cutting has been a generally used manufacturingmethod and ESAB is one of the worlds leading suppliers of laser cuttingmachines. Laser cutting equipment is manufactured and sold by ESAB-Cutting inKarben, Germany.
 The laser cutting technique has reached a very highlevel of perfection and the subsequent treatment of cut-out pieces can be almost excluded.
 While the laser cutting technique is a recognisedmanufacturing method, the laser welding techniquehas developed somewhat more slowly. Most laserwelding applications are currently found within theautomotive industry and modern vehicle bodies arelargely joined together using laser welding. Another
 regarding laser welding. At the present time, ESAB canoffer complete laser welding plants and perform testwelds on behalf of customers.
 Laser welding is mainly performed usingtwo different types of laser:
 • ND:YAG laser up to 4 kW where the laser beam istransferred from the laser resonator to the weldingoptics through a fine optical conductor (often usedfor the robotic welding of thin materials andaluminium welding).
 • CO2 laser up to 20 kW where the laser beam istransferred via a lens/mirror system from the laserresonator to the welding optics (used for weldingthick materials up to 20 mm).
 The greatest advantage of laser welding is that veryhigh welding speeds can be attained and distortion isvery rare as the heat input is low. One major difficultywhen it comes to laser welding, however, is that gapscannot be accepted in the weld joint. Even a gap whichis only some tenths of a millimetre wide causes the weldmaterial to sink and this has a negative impact on thetensile properties of the welded joint.
 In order to avoid this disadvantage, the pure laserwelding method has been combined with differenttraditional welding methods, such as MIG, TIG orplasma welding (laser hybrid welding). By adding fillermaterial to the laser welding process, satisfactory weldjoints can be produced, even if the gap is wide and notuniform. The heat input increases in laser hybridwelding by some 30% compared with pure laserwelding, but in overall terms this is only 10% of theheat input that is normally used for other types ofwelding. The properties of the weld material alsoimprove slightly using the laser hybrid process.
 The heat input is always a gauge of the distortionthat can be expected after the welding operation.As theheat input for laser welding is extremely low, theexpected distortion of the welded piece is some 10% ofwhat is usually produced in submerged arc welding, forexample. Large pieces–up to 20 m in length–can
 CO2 laser equipment for panel welding. Weld data v=2.4m/min for 8 mm plates at 12kW
 major field of application for laser welding is theproduction of tailored blanks, where pieces ofdifferent thickness can, for example, be weldedtogether before the blank is moulded into a finishedpiece. As the use of laser welding increases in theautomotive industry, the use of spot and arc weldingdeclines.
 The industrial use of laser for welding thick-materialpieces is still limited at present, but there are high-powered laser machines (up to 20 kW) that can weldmaterials with a thickness of up to 20 mm.
 ESAB Welding Equipment AB has experiencedincreasing demand for the laser welding of heavy piecesand has therefore developed its process know-how
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 therefore be manufactured with great accuracy. Thiswill definitely revolutionise the shipbuilding industry inparticular when it comes to the production of shipspanels and decks.
 It would be generally true to say that the weldingproperties of laser welding are always superior to thoseof conventional welding. This applies particularly to thewelding of high-tensile steels, which are being usedincreasingly in cars but also in telescopic cranes andother heavily-loaded structural elements.
 Test welds with Weldox 960 have shown that yieldpoint limits of more than 1,000 Mpa can be achievedwith the laser welding method. All the fracturesoccurred in the base metal (fracture lengthening bymore than 20%)!
 In tests of the laser hybrid process, ESAB hasobtained very good welding results. Multi-layer weldsin thick material have also been successfully performedusing this method.
 The principal advantages of laser weldingcan be summed up as follows:• High welding speeds (2 –10 m/min, depending on the
 laser power and the plate thickness)• Lower heat input means low distortion rate (10% of
 what is usual with conventional methods)• Simplified welding of high-tensile and special steels
 (narrow heat-affected zone)• Very little or no subsequent treatment of the piece
 (the weld looks like a TIG weld)• The geometry of the joint can be chosen freely (3-D
 welding with robots is, for example, possible)• Weight reduction as a result of the more efficient
 utilisation of the material (complete penetrationregarding fillet joints, for example)
 • High productivity and uniform weld quality
 The disadvantages of laser welding are:• High investment cost• Higher joint preparation cost • Special safety requirements
 Vehicle parts are a good example of products thatare suitable for welding with laser, but it is alsoappropriate for the longitudinal and spiral welding oftubes (material thickness up to 15 mm) which arecurrently welded using MIG or SAW (submerged arcwelding). Parts which are usually TIG welded, like hot-water containers, tube pieces and valves in differentmaterials, can be suitably welded using YAG lasers atvery high welding speeds.
 In order to obtain optimal profitability using thelaser welding process, the total flow through themanufacturing unit must also be studied, so that thehigh productivity obtained as a result of the higherwelding speed does not result in stoppages at a laterstage in the manufacturing chain. The manipulation ofthe part at the welding station should also be mademore effective so as to reduce the set-up times at thesame rate as the welding time. Lasers also offerattractive manufacturing solutions, as cutting, weldingand marking operations can be combined in the sameproduction line. In the manufacture of tubes, forexample, plates can be cut to the exact initialdimensions before the bending operation and can thenbe ready welded in the same equipment after the tubehas been given the shape of the final blank. Should jointpreparation be necessary, this can also be done in thesame equipment.
 The accuracy of the laser machine must be top class.The machine must also be able to work at high weldingspeeds and high acceleration and must be installed in avibration-free environment. As the weld joint is verynarrow–generally not visible to the naked eye–specialequipment offering top-class reliability must be usedfor tracking the joint.
 The gas shield for the welding process is often amixture of helium and argon, sometimes with a smallCO2 content. Special laser gases are also availablenowadays. At plants with CO2 lasers, the beam pathbetween the laser resonator and the welding opticsmust be set under pressure using a special gasconsisting of a mixture of nitrogen, carbon dioxide andhelium.
 Workpieces welded withthe laser hybrid process.
 Weld data: V-joint 2.4m/min plate thickness 8mm
 Fillet joint v=2.1 m/min,plate thickness at 6/7 mmat 12kW
 CO2 laser-weldedvehicle part
 Weld data: 2.5m/min, platethickness 12 mm
 The safety aspects at the entire plant must also bestudied and the particular laser safety regulations mustbe fulfilled. The YAG laser working with an extremely
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 short wavelength normally requires the whole plant bedesigned as a closed production cell with windowsmade of special materials. The personal safetyrequirements at a CO2 laser plant are easy to fulfil asplexiglass can be used in screens and windows.
 About the author
 Herbert Kaufmann M.Sc. E.E. and M.Sc. M.E. joinedEsab Automation Inc in the USA in 1988 as TechnicalDirector, and moved to ESAB Laxå in 1994. At presenthe is a project leader within engineering operations atESAB Welding Equipment in Laxå. He was previouslyresponsible for the development of arc-welding robots atABB.
 YAG laser-weldedcontainer
 Weld data: 4.6m/min, platethickness 1.4 mmat 2 kW at 12 kW
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 Nerman P.: A guideline to high power (>3 kW) laserwelding of steel, stainless steel and aluminium. Aug.2000 (IM-2000-064)Roland F.: Laserstrahlschweissen im Schiffbau-Chansen, Probleme, Beispiele, Meyer Werft, PapenburgDVS 194 -1998Skirfors A.: Lasersvetsning av Weldox 460 och 500.Tekn. Rapport SSAB Oxe lösund avd. Applications-forskning FA , Regnr. TR 981008 JHTWI: Jones I.A.: Laser Welding of Aluminium alloys,TWI Report 517/1995, October 1995TWI: Jones I.A.: Procedures for reducing solidificationcracking in CO2 laser welds in structural steel., TWIReport 674/1999, March 1999
 The laser welding process can easily be mechanisedand production can be supervised using acomprehensive production control system. Due to thegreat accuracy of laser welding and the insignificantneed for subsequent treatment, the door-to-door timeof the product can be considerably reduced.
 Laser welding is definitely going to be a weldingprocess that is in great demand in the future.
 ReferencesBoisselier D. et al: Laser Welding Air Liquide, June 1998Dilthey U. et al: Prospects by combining and couplingLaser Beam and Arc Welding Processes 1999: 7 IIW Doc.EN ISO 9956-11: Schweissanweisung für das Laser-strahlschweissenNerman P, Andersson J.: Laser weldability of DPcarbon steels, austenitic stainless steels and aluminium,Jan. 2002 (IM-2001-501)
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