Peter Temple 1809106

Peter Temple, Mechanical & Manufacturing B Eng.  1809106



[bookmark: _Toc42512989]Executive Summary 
In Trostre there are many continuous production lines, for the Process to remain continuous, the front end of one coil is joined onto the back end of the current coil being processed.  We currently create this joint by means of a resistance seam welding process.  The Purpose of this report is to investigate, further advances in Welding technology that could benefit Trostre and its customers. 
The Current Method uses old technology and welds the two strips together by means of an overlap. In Trostre we currently suffer with a lot of reliability issues around this subject, leading to loss of production, safety factors such as human intervention and lack of weld monitoring. 
Both Laser and electron beam welding would be suitable, but with the vast amount of Electron beam welding machines needing a vacuum this would be an expensive and limited option. The best option for Trostre would be to upgrade to Laser Welding as this is very adaptable and highly automated removing the need for an operator and vastly improving welding reliability and quality.  
It was stated that even though Laser welding would work and be a good option the limiting factor to the company would be its initial high cost of buying and installing the technology.  
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[bookmark: _Toc42512991]Introduction
The Global steel market is under constant pressure making cost reduction such as energy conservation, reducing personnel numbers, reducing waste and increasing availability and reliability of equipment very important. 
The Welding process on a Continuous process line is very important, if coils are not welded together properly the whole process will stop with each strip break having the potential to effect upstream and downstream operations as well as customer delivery times also strip breaks increase waste in the business which causes finical implications.  
Therefore it is important to keep updating plant equipment to keep the business moving forward and satisfy customer demands. 
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[bookmark: _Toc42512993]Seam Resistance Welding 
Currently  in Trostre a seam resistance welding unit is used to carryout welding of strip material to enable the procces to remain continuous . Due to the proccess we are required to have a strong weld as the strip passess through leveling rollers which puts it under high stress and also chemical baths and a furnace which can heat the strip to over 250 degrees celcius. 

Figure 1.
[image: "<yoastmark]

(https://theweldingworld.com/seam-welding/)
The (www.theweldingmaster.com) states that seem welding works by creating heat through the  resistance in the work piece. This is done by applying a current through the electrode wheels. This resistance creates heat which in turn causes the metal to melt and a strong joint is made. As the electrode wheels turn and move along the metal it leaves behind a continuous joint (weld). For this process to work the two strips must be overlapped creating a double thickness strip in the weld area. 
(M. Vural,2014), also says when seem welding, spot welds are made. The roll shaped rotating electrodes and a pulse typed power supply are used to create welding points at equal intervals. The current is supplied in short successive pulses (almost continuously) this creates overlapping weld points and therefore an air/liquid tight seem.  
 This welding technique relys on machine contact with the strip and regular electrode changes (which requres a production stop to do). All trostres current Seem welding units are from the 1960’s with the companies no longer trading which means they are now obsolete with only a limited amout of spares and companies that can overhaul them and there is very little automation or weld monitoring systems available.   
To make a good weld using these machines thre are many variables that need to be correct i.e Welding Force, current, size of overlap, speed of wheels turnig and carrage speed aswell as operator exerience, this human factor can often cause issues. If one of these variables are not correct then a poor quality weld is likey with the consqunce of a weld break and a large production down time to repair it.  
Figure 2 – Seam weld with 3mm overlap of materials. 
[image: ]

In the pictue above (Figure 2) the two strips are joined by overalpping the materials and then welding them together, this creates double thickness strip in this precise area. 
[bookmark: _Toc42512994]Laser Beam Welding (LBW)
According to (www.intechopen.com,2010), Laser welding is a non-contact process and accomplishes this by use of a concentrated laser beam which then allows a very narrow and hardly distorted welding zone due to the beam size and lack of heat. Due to the Narrow Heat zone this can result in high quality welds.    
Figure 3.
 [image: Laser Beam Welding] 
(www.theweldingmaster.com)
So what is a LASER Beam? The Word LASER stands for Light Amplification by Stimulated Emission of Radiation (www.technology.org,2012).
A laser is created when electrons in Gasses etc absorb energy from a electrical current and become excited.  These electrons then move from low to higher energy orbit around the atoms nucleus. When they return to their ground state, they emit photons (particles of light). The Photons all have the same wavelenght and are Coherent. Visible light has multiple wavelength and is not coherent (lasers.llnl.gov).  The Coherence allows a laser to focus very tightly which helps create very focused weld areas (science4fun.info,2019)




Figure 4. Electron beam welding
[image: how-laser-works](science4fun.info,2019)
As shown i figure 3, a Flash is produced and this flash causes the laser to be pumped with energy and forms Photons. Atoms in the the laser body soak up this energy which is called “absorption”. This then causes the electrons to jump to a higher state before retrning to there orginal state by emmitting a photon of light, this is called “Spontaneous Emission”. The Photons that have been given out travel up and down inside the ruby crystal. One of these photons stimulates an already excited atom, that atom then gives off a photon aswell as the existing one (one photon has created Two), this is called Stimulated emission. A mirror at one end of the laser tube keeps the photons bouncing back and forward  inside the crystal and the partial mirror bounces some photons back but lets some escape in a form of a very concentrated beam of powerful laser light. (www.explainthatstuff.com,2019)
Figure 5 .
[image: The theory of lasers: absorption, spontaneous emission, and stimulated emission.]
(E. van Walle,2001) states that laser welding is equivalent to Electron beam welding with the added advantage is that no vacuum is needed and this then provides for easy adaption to different environments.

Figure 6 – Laser weld formation. 
[image: Beam material inspection]
(thefabricator.com,2020)
A laser beam of several KW is focused onto the material surface (0.1mm or larger), the pressure generated by the beam on the material creates a key hole in the material. The key hole is then filled with metal vapour and surrounded by a thin cylinder of molten metal, as the beam moves along material the molten metal flows around from the front of the key hole and solidifies at the back. This then forms a laser weld (thefabricator.com,2020).
(Xiangyin Feng, 2020) also supports this view, when a laser beam shines on the material surface and effect a deep melting process and a key hole is produced. The formation of the key hole is when the laser energy is  absorbed by the material converting some of the material to gas and then back to liquid unifying together when it cools. 

An important part of Laser welding is the use of a shielding gas, (Johann herrmann,2011) Says that with a deep penetration weld process causes a generation of a fountain. The stream of material cause interactions between the material and the laser beam, with each interaction causing loss of beam power and quality.  
(Mark Faerber, 2020), states that high quality Laser welding processes demand adequate weld pool atmosphere and avoiding shielding gases by welding in an air atmosphere is not sufficient.  
 
Figure 7 – Effect of shield gas in a laser weld process. 
[image: The role of process gases in laser welding]
(onlinelibrary.wiley.com,2011)
(Mark Faerber,2020) says that the laser of welding of steels, his customers believe that air serves as an effective shielding gas. This is due the fact that laser seams are much smaller which means the weld pool and the active surface of the melt that comes into contact with the shielding gas is also smaller.  
(Johann herrmann,2011) disagrees with this view, with optimised nozzle technology only a few litres of gas per minute is required and is normally cheaper compared to large amounts of air that is required to be circulated and boasts better welding results. 
The two most common shielding gasses used in laser welding are Argon and nitrogen.  Argon is completely inert but Nitrogen potentially can react with  base materials which can affect mechanical properties (Brad nagy,2012). 

Figure 8.  Shield gas table 
[image: shield gases used for high power laser welding]
(www.primapowerlaserdyne.com,2020)
(Mark Faerber,2020) came to conclusion that in CO2 laser welding, Argon/helium mix has been the most effective. In YAG welding, helium is not required so argon and nitrogen are suitable but for Fiber lasers which are more powerful Helium seems to be the best choice. 


[bookmark: _Toc42512995]Electron Beam Welding (EBW)

  The Electron Beam method is a fusion welding process where electrons made using an electron gun and sped up by using electrical fields. This is very tightly focused by the use of magnetic fields and directed at the materials and as they hit the workpiece they create Kinetic heat causing them to melt and bond together ( www.twi-global.com, 2020).
The electron beam is capable of welding work pieces, using the key hole technique from thicknesses of 0.01mm up to 250mm of steel. It can also weld different grades of steel together. This method of welding is normally carried out under vacuum (M.St. Węglowski,2016). 
(Gene Mathers,2002) also states that Electron beam is like laser welding and is suited to the welding of close square joints in one pass, but unlike laser welding a Vacuum chamber is required for the high energy beam. But  (www.twi-global.com,2020) says that recent developments in electron beam technology, where the electron beam gun is in a vacuum box instead of the workpiece having to be put in a vacuum chamber has made electron beam welding open to more applications. 
Figure 9 – Electron beam welding 
[image: Principle Electron Beam Welding Process ](www.researchgate.net,2020)

Electron beam welding produces a deep and narrow penetration using a high energy electron beam. This beam has a higher energy content than a laser beam and is smaller. The penetration of the beam is deeper for the same level of power and also celebrates  efficiency of the energy conversion process from electrical input to beam output is higher. The most important characteristic being its high energy   density which allows it to melt the gap between materials without distortion (Klas Weman,2012).
[bookmark: _Toc42512996]Can it benefit Trostre?
Both EBW and LBW can produce high quality strong welds but other aspects of them can prove beneficial  (M.St. Węglowski,2016)  says that modern EBM machines are controlled by PLC’s allowing the machine to be automated removing the need for close interaction with the line operators. These systems come installed with safety systems designed to maximize operators safety and protection against radiation.
LBW can also easily be automated using CAD or PLC input this removes the need for the line operator to be near the proccess and allows guards and saftey systems to be installed, no electrodes are used and no tool wear occurs. (interestingengineering.com,2020).
The main advantages that would benefit and improve Trostre welding process are as follows  high Precision, low heat application (minimal distortion and heat effect zone), consistent and repeatable welds (reduces the chances of defective welds) and high strength welds (no weld breaks in production line or in customers plants) (www.spilasers.com,2020).
(Xiangyin Feng, 2020) also states benefits of laser welding being stable welding quality, good strength of the weld and its high degree of automation capability. 

(Adriaan H. Blom, 2006) states that Laser welding is used in the Can Manufacturing industry, which Trostre directly supplies. The laser welding process produces very narrow weld area of 0.25-0.3mm and due to high cooling rates is stronger than the base material and only a narrow strip is affected by the heat, this heat affected zone is much smaller than of resistance welding. The heat affected zone is where the weld fails due to a change in material properties making it the weakest point. 

Figure 10 – Resistance weld that failed on the Heat affected zone from a current line in Trostre.
[image: ]

Currently on the production line there is only a visual inspection of the weld by the operator, who then if happy with the look of the weld will then send the weld through the line.  This has many faults as it relies on the operator to look, know what a good and bad weld looks like (experience) and also you can’t always tell how good a weld is by looking at it.  
This New technology can incorporate this into its process due to its high ability to be automated, it can have many systems monitoring the weld and automatically release good welds, this removes human error. Also, the laser head can be self-aligning due to cameras and sensors and also incorporate Automatic parameter calculation. This removes the need for operator  involvement in making welds potentially reducing the manning requirements on the line, further more cost savings and also making it safer as no human interaction is needed.  (www.industrial-lasers.com,2020).[image: ]
(Adriaan H. Blom, 2006),found that processing speeds of up to 35meters/minute are achievable on tinplate. (Xiangyin Feng, 2020) also supports this by stating speeds of up to 30 meter/minite and weld cycle times of between 20-40 seconds being achieved. This could speed our welding process up considerably  allowing higher outputs from the production line. Currently the process section of the line slows down not to empty the entry strip accumulator too fast, this now could either mean, a faster weld process speed or it being in the current weld speed for a shorter period of time allowing greater output of materials. 

Another benefit to this higher automation is that heat treatment of the weld area can also be incorporated, this allows heating of the material in the shortest time preventing an increase In hardness of the weld  and there decreasing risk of strip breakage. 
Figure 11 – Weld hardness comparison  [image: ][image: ]
(www.industrial-lasers.com,2020)

This Level of automation could reduce/eradicate weld breaks on the process lines, the current consequences of a weld breaking in the line are, loss of production, loss of material but the biggest impact is the health and safety impact as operators are required to enter the line and make manual repairs, this always comes with risk and in an ideal world would never happen.   

This investment that would result increased reliability and quality of the welds would also have a big impression on our customers and would allow Trostre to boast of new investment and quality improvements to attract new customers and most importantly keep current customers happy. The main points that would impress our customers are that laser welding produces a fusion butt weld instead of a solid state overlap weld (Adriaan H. Blom, 2006), this then reduces the risk of the welds damaging customer plant as it is no longer double thickness if welds are missed. The welds are more aesthetically pleasing with considerably less risk of breaking in process. 













[bookmark: _Toc42512997]Conclusion 
The use of Electron beam welding (EBW) and laser beam welding (LBW) would both Give Trostre big advantages and steps forward within its welding process as its current welding technique is very basic, time consuming and dependant on the line operator to asses weld quality which can be very difficult to do.  EBW and LBW share many of the same advantages but with EBW the need for a vacuum can limit the application of this process greatly. LBW can create the same standard of weld without the need for a vacuum giving greater opportunities and adaptability. The need for automation in business to streamline the business and increase quality and therefore decrease waste and down time supports the move towards Laser beam welding due to its high quality and reliability as well as its high ability to be automated and adapted reducing the need for human intervention.  This Could lead to great opportunity for increased quality for our customers and strengthen our position in the market. 
The restricting factor to Trostre is this technologies initial high capital investment cost to install and commission. 
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[image: Laser Keyhold Weld Diagram]
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(2) Due to the high energy density in the beam the material
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(d) As the part moves forth, the molten metal flows to the back
site due to the capillary effect and the back part solidifies.
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