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Abstract 

This paper presents the technical specification of a laser welding machine, which main purpose 

is the weld of thin aluminium sheets. With the application of laser machines in automotive, 

aerospace, and other industries, it has become of crucial importance for a company working in 

those fields to keep updated with the technological progress. In this thesis, a deep research in 

laser machines and its applications has been done. The primary objective of this thesis is to 

gather knowledge about laser machines to help our client to find the machines they need. 

Among the several types of machines, the difference in the choice relied on which main type 

of industrial laser should be used: carbon dioxide (CO2) or neodymium-doped yttrium 

aluminium garnet (Nd: YAG). The second objective of this thesis is to find the best way to 

demand those machines to the procurers: to give detailed specifications to the procurers, or to 

give them just guidelines on what the machine must have and should have. The key results 

obtained from the research were that laser source to use is the Nd: YAG and that the most 

appropriate shielding gas is Argon. Therefore, in conclusion, the specifications stated in the 

table will help our client to acquire the laser machine they demand; as well as spending the 

money efficiently. 
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1 Introduction 

Nowadays, one of the most important things to do in the engineering industry is to keep 

up with the modern technologies that are being developed. Certainly, laser machines are 

the future for many procedures in the engineering world. Therefore, studying them and 

learning how to use them give to the company a good advantage. The use of laser 

machines usually increases the production rate, quality and decreases the costs of the 

activities they conduct. A laser machine can be used for welding, cutting, hardening, 

cleaning surfaces and for 3D printing, just changing one or two of its devices. This is 

translated into a reduction the number of machines needed for the operations and the 

time for each one. 

 

Figure 1: Laser cutting operation (Pololu, 2019) 

 

 

1.1 Background 

As laser machines are getting more important in the engineering world, it is logical to assume 

that any engineering company would like to know how to use them and to own them. This 

thesis will be used for the investigation of the different laser machines that exists in the 

market, trying to find a machine that can cover the requirements asked by the University of 

Skövde and the car industry. The machine will be used at the ASSAR house, by different 

companies and universities, which among them the University of Skövde and the car industry 

are found. This thesis will cover the study of the several types of laser machines and will try 

to choose one that covers laser welding, laser cutting, surface cleaning, hardening and 3D 

printing. 

1.2 Aim and objectives 

The main aim of this project is to provide the University of Skövde the necessary help in the 

purchase of a laser welding machine. In collaboration with the Assar House, and the University 

of Skövde, Assar is an investigation centre focused in the innovation and trying continuously to 

obtain industrial improvements in different fields such as materials, automobiles, industrial 

processes, etc. 

These are the most important objectives of the project: 
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1. Understand the functioning of laser machines: how they work, what components take 

part of them, what maintenance operations are necessary to use them correctly, etc. 

2. Define the specifications required for the laser machine regarding the possibilities of 

different companies and the necessities of the user. 

3. Compare different possibilities and decide which kind of machine is the best one 

regarding the requirements of our client. 

1.3 Constraints and limitations 

The main limitation found during the development of the project was the inexperience 

regarding the laser welding. However, the literature review helped enormously getting familiar 

with the processes. Also, the supervisor, Lennart Ljungberg, has had an important influence in 

our present knowledge of the matter. 

Some difficulties have also been found regarding the contact with the supply companies, 

which sometimes has shown reticent to provide information about their products, especially in 

economic aspects. This means a troubled point trying to define the price-quality relationship of 

the different laser machines. 

The budget limitation of Assar Industrial Innovation Area to acquire the laser machine has 

been a point to have in account. 

 

 

 

 

Figure 2: ASSAR Industrial Innovation Arena logo (Högskolan I Skövde, 2019) 

 

 

 

  



8  

2 Literature review 

For this thesis, many different references have been used in order to have a good 

understanding of the diverse types of laser machine applications. However, there are two 

references that were more significant than the others. 

The first would be the Welding Handbook (O'Brien & Guzman, 2007), which contributed for 

most of the theory research that has been done; regarding the study of laser welding 

machines, laser cutting machines, the different devices and characteristics of the different 

lasers used for both operations. This book has been the base for this thesis. 

The second most important reference used for this thesis would be the scientific article on 

Advances in the modelling of laser direct metal deposition (Pinkerton, 2015), which 

contributed to the study of laser metal deposition techniques. This reference stands above 

the others because 3D printing with laser machines was a particularly important 

requirement for the machine to fulfil. 

For the research on the cleaning equipment, many different resources were used. But, the 

most valuable resource on this matter was the scientific article on Cleaning with Light 

(Bütcher, 2018). 

As for the investigation of laser hardening, there was as well various resources from where 

to get information. But, the most remarkable reference that was used was the scientific 

article on Laser Hardening: The known but unknown application (Ruetering, 2016). 
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3 Theory 

Before writing the specifications of the machine, a research about the different equipment and 

devices was conducted. This research helped to gain knowledge about the equipment and 

devices that the machines are made of, and to choose the right laser for the process 

demanded, among the several types of lasers. 

3.1 Electromobility 

Electromobility is defined as all the ideas, designs, manufacturing, and advances connected 

with vehicles which work with electricity. Some of them can produce the power to work, while 

others obtain the energy from the outside (external supplier) (Grauers, Sarasini, Karlström, 

2013). 

Nowadays, manufacturers are investing more budget in electromobility, trying to offer vehicles 

able to work without fossil fuels. This fact is due to one main premise: take care of our 

environment, trying to obtain the energy from renewable sources. Moreover, this fact is hand 

to hand with the social environmental awareness. For this reason, some governments are 

trying to make easier the transition between traditional and electrical vehicles, offering 

incentives to those companies engaged with this modern technology. A clear example can be 

found in Gothenburg (Sweden), where the first completely electrical buses are being evaluated 

to work as public transport. 

The main advantages of these new vehicles are their independence from fossil fuels, reducing 

the CO2 emissions to the atmosphere, and the economic and social concern with the 

environment. In addition, the current knowledge in electromobility can increase enormously in 

next years, letting the companies improve their products in an unimaginative dimension. 

On the other hand, most of the current users of fossil fuels have been shown to be reluctant 

to acquire electrical cars due to the lack of awareness of this technology, and the elevated 

prices of the products do not help to reverse this tendency. Moreover, as mentioned before, 

some aspects of electromobility are not yet completely developed. Batteries is one of the 

best examples and one of the main targets of the companies is to improve this energy 

storages making vehicles able to cover bigger distances without need of recharge them. 

Regarding the mentioned batteries, main efforts are destined to reduce their size, increase 

their capacity (electrical density), search for new materials to manufacture them, find new 

ways to recharge them and increase their lifetime in the vehicle. Also, what to do with them 

after this time concludes is an interesting point to study. All this information about e-mobility 

is developed in the corresponding appendix.
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3.2 Laser general theory 

Laser welding uses a laser beam in a specific point to elevate the temperature of the area, 

joining two different pieces of the same or varied materials. Every year, more companies 

manufacture their products with laser machines due to the advantages that this technology 

offers. These machines can perform different operations such as: welding, cleaning, cutting, 

hardening or metal deposition. Moreover, laser technology is an ideal choice for small pieces 

and big assemblies.  

Laser welding is an important technology used in the manufacturing of electric vehicles. 

Besides the use for general assemblies of the car, laser machines are also used in the 

manufacturing of car batteries. The reason is that they provide a high-quality results despite 

of the combinations of materials welded in these energy storages (aluminium, copper, steel, 

etc.).  

Some conflicts can appear during the welding of varied materials. For example, when 

aluminium and copper are welded with a laser machine, some intermetallic substances can 

appear during the process. These particles reduce the quality of the joining between both 

materials. This is a typical problem during the manufacture of electrical batteries. For this 

reason, it is important to take particular care during the operation to obtain the best possible 

results. Control of the parameters of the laser machines, workpiece, and interference between 

them is the key to achieve right outcomes. 

In conclusion, laser technology is a good option in the manufacturing of vehicles due to its fast 

development, high quality result and small material scraps. However, an initial big investment 

is necessary to purchase a laser machine and a high qualified operator is required. In the 

second appendix “Laser General Theory”, More information can be found about this matter. 

3.3 Laser beam welding equipment 

The two most used lasers in welding are gas CO2 and the solid-state laser Nd: YAG 

(neodymium-doped yttrium aluminium garnet). The CO2 laser has been the most used options 

for the past years due to its greater power output, higher efficiency, proven reliability, and 

safety. However, Nd: YAG has a shorter wavelength of 1.06 µm (Cao, et al., 2003), which 

means higher absorptivity, thus less power required than with the CO2 laser. Another 

advantage of its shorter wavelength is the capability of light transmission via fibre optic cables 

rather than the mirror delivery system that CO2 lasers use. This means that Nd: YAG are easier 

to manage and control. The fibre optic delivery also allows to send the laser source to various 

workstations, to be used for different applications simultaneously. 

The welding process that the machine will have to perform is a conduction welding of 

aluminium. Nd: YAG are usually used for conduction welding, due to its shorter wavelength; 

however, it is limited to low thicknesses. But, in this case this will not be a problem as the 

aluminium sheets are very thin. Moreover, for aluminium welds Nd: YAG is also used more 

frequently, because it is better absorbed in aluminium than CO2 laser. 

For all the reasons above, Nd: YAG laser was selected for the process of welding. 
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Alongside the main welding system, there are auxiliary systems that make the operation easier 

and faster. These auxiliary systems are connected to a control system. 

Among the auxiliary systems, the most important ones are: 

● Laser beam switching: it enables the worker to work in multiple workstation using only 

one laser. The most important advantage of this auxiliary system is that when a 

workpiece is being welded, at the same time another workpiece can be prepared for 

welding elsewhere. 

● Robotic laser beam delivery: for the use of Nd: YAG in welding, the delivery system 

consists of a combination of focusing optics, which are placed on the end of a 

mechanical arm, and a delivery fibre that directs the laser beam to those optics. 

● Auxiliary gas shielding: this gas consists of a gas-flow compatible with the current 

welding process, it is provided to cool down the weld metal below the oxidation 

temperature. For Nd: YAG lasers the gas that gives the best shielding is argon (Cao, 

et al., 2003). 

● A beam-screen system that carries the beam to the workstation on demand by the 

operator using the Computer Numerical Control (CNC). 

3.4 Laser beam cutting equipment 

As well as in welding, in cutting there are two main laser beam sources: CO2 and Nd: YAG. Both 

can be used for drilling and cutting just by changing their wave type from pulsed to 

continuous. CO2 lasers emit light at a wavelength of 10.6 µm (O'Brien, & Guzman, 2007), while 

Nd: YAG lasers emit light at a wavelength of 1.06 µm. Since the material is the same as in 

welding, aluminium, Nd: YAG fits better for that purpose; therefore, Nd: YAG lasers were also 

selected for cutting. 

As in welding, there are some auxiliary systems that help perform cutting in an easier and 

faster way: 

● Beam delivery system: an improved moving beam system would be a robot system 

with different axes, allowing the beam to impinge on the workpiece from any angle. 

● Focusing heads: the responsible devices to focus the laser output on the workpiece 

and incorporate gas nozzles to provide the assist gases. 

3.5 Cleaning 

There are multiple reasons why using laser cleaning as an alternative to conventional cleaning 

is better: it is cheaper, consumes less energy and does not need any chemicals or abrasives 

(Büchter, 2018). Therefore, it is a more economical technique, but also more sustainable and 

environmentally friendly (Büchter, 2018).  

It is important not to damage the surface of the workpiece. For that, short pulsed lasers are 

used. For metals, it is recommended the use of solid-state lasers, with a wavelength of 1060 

nm; therefore, Nd: YAG is a particularly good option for laser cleaning. 

Laser cleaning can be also used to modify the surface of the workpiece and improve its 

corrosion behaviour by intensifying the parameters of the laser (Büchter, 2018). 
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Normally, laser cleaning is applied after the welding process, when the melt has solidified. 

However, it can be also performed before it, as a pre-treatment, since it is highly effective in 

removing dry lubricants, emulsions, paint, and coatings. 

The machine, Clean-Laser, is also suitable for the field of electro-mobility. it can be used for 

the pre-treatment of aluminium components for the manufacturing of battery housings, also 

providing electrical contact. 

3.6 Hardening 

It is a new technique that is growing extremely fast. This technique improves wear resistance, 

increases the component life, and increases strength and fatigue limits. 

Although it has a lot of advantages, one of its disadvantages is that it is limited to a thickness of 

76-203 mm. However, this has a bright side: due to this limitation, it does not require milling in 

hard status unlike oven, flame, and induction. This means that the use of laser hardening can 

save up to a 20% in the total cost of production, by the lack of machining in the hard status 

(Ruetering, 2016). As well as more cost savings due to the lack of cooling. 

For this process, the laser sources use a power source of 2 kW or more. Also, the laser source 

must have a wavelength that allows high absorption into the metals treated. The wavelengths 

that can allow that to happen exist in the near infrared light, from 900 to 1100 nm. That is why 

Nd: YAG, with a wavelength of 1060 nm is perfect for the job. 

3.7 Laser Metal Deposition 

Laser metal deposition (LMD) is a generative laser procedure in which metal is applied in 

layers. The laser creates a weld pool on the component surface. Then the metal powder is 

injected through a nozzle, laterally or coaxially. That powder melts and bonds with the base 

material. Layer by layer, a new structure is formed. 

LMD can be used to improve the properties of the workpiece. This can be achieved by refining 

or combining materials. For instance, adding to a softer metal a hard, high-quality surface. 

LMD will also increase the life of the components; it will, as well, decrease the overall 

manufacturing costs. It decreases the waste of materials and the manufacturing time by a 40% 

(Nagara & K, 2015). The few wastes that is produced during the process can be reduced by 

reusing the metal powder. 

The LMD process has the following characteristics (Nagara & K, 2015): 

• Precision of 0.25 mm 

• Production of fully dense metal components 

• Can produce microstructures 

• Can produce heterogeneous materials 

• Control over internal geometry 

The LMD process is a combination of five technologies: 

• Lasers 
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• Computer-aided design (CAD) 

• Computer-aided manufacturing (CAM) 

• Sensors 

• Powder metallurgy 

 

 

 

3.7.1 Advantages 

LMD produces one of the best possible adhesion, as it creates a metallurgical bond that 

adheres the deposited metal onto the base material (Locke & Candel-Ruiz, 2010). Although it is 

a modern technology, it is a quite simple process: a weld pool is produced on the surface of the 

component by the laser beam. Then, the powder jets inject the metallurgical powder into the 

weld pool, it melts and becomes metallurgically bonded onto the base material. 

It also has economic advantages. Those advantages lie in the fact that it can add value to the 

component and increase its life. That way reduces the need of new materials, as they last 

longer. It also increases the corrosion and wear resistance. 
 

Figure 3: LMD process (Laser metal deposition defined, 2010) 

3.7.2 Technological challenges 

The main challenge is to control the process, as it needs to correctly achieve the following 

aspects: 

• Homogeneous layer with the defined properties. 

• Coordinate and control: laser power, powder composition and its supply. 

The enterprise TRUMPF offers a solution to control those aspects. The solution 

is a technology package that consists of three units: 
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o Powder feed: mobile unit with up to four independently programmable 

powder containers. 

o Processing optics with powder jet and the powder transfer line. 

o The optical system: it consists of several sensors that monitor the composition 

of the flow, assuring the homogeneity of the composition of the layer. 

 

3.7.3 Components of LMD 

3.7.3.1 Laser 

Technical parameters (Nagara & K, 2015): 

o Laser type: Pulsed Nd: YAG laser 

o Wavelength: 1.064 µm 

o Max. Energy: 50 J 

o Avg. power: 150 W 

o Pulse width: 1 ms- 20 ms 

o Mode quality: Multi-mode 

o Beam diameter: 10 mm 

o Divergence: 6 m rad 

 

3.7.3.2 CNC Unit 

The CNC unit is used to control the nozzle and focusing optics associated with the Nd: YAG 

laser. The CNC unit will move them as defined in the CAM tool path data and the CAD model 

geometry. For the fabrication of more complex geometries a CNC unit with 5-axis CNC gantry is 

recommended. 

 

3.7.3.3 X-Y table 

The layer deposition of the metal in the x-y plane occurs in this worktable. 

 

3.7.3.4 Powder feeder 

The powder flows down by gravity. It reaches the disc, which rotates spreading the powder 

uniformly. The powder flows down while mixing with the carrier gas. That carrier gas is usually 

argon. 

 

3.7.3.5 Co-axial nozzle 

The powder delivery system consists of powder feeder and radially symmetric nozzles. The 

arrangement of those nozzle is a key component in the delivery of the powder. Because, if well 

designed, it allows to complete the deposition process in one step. 

The deposition head does not only provide the powder, it also provides light and the 

protection gas. The protection gas prevents oxidation of the molten metal. The powder feed 

rate ranges from 0.3 g/m to 50 g/m (Nagara & K, 2015). 
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When the process is over, water cooling is also provided to cool down the laser unit and the 

nozzle. 
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4 Methodology 

In order to achieve the goals, set for this project, the following method was used. This 

method was divided into five steps.  

4.1 Literature research 

The first steps of this project were focused on increasing the knowledge in the general aspects 

of laser welding: various kinds of laser machines, the parts which compose the equipment, the 

possible sources of laser beam, etc. The main target was to define a scientific base to develop 

the project. 

Articles, previous projects, and books have become the main information resources, all of 

them were consulted from the University of Skövde database or via Internet. It is important to 

mention the usefulness of laser machines specifications which are provided by different 

companies. Those specifications were especially useful when trying to understand the 

technical requirements of a laser machine depending of the user necessity (dimensions, 

power, movement ranges, etc). 

4.2 Gantt Diagram definition 

During the creation of the draft, a Gantt diagram was defined to have a guide to follow. 

Explaining the different steps during the development of this project. It is very 

recommendable to define this diagram before starting the project, to organise the teamwork. 

4.3 Visit to Assar Investigation Centre 

To know first-hand necessities of the future users of the laser machine, the team in charge of 

this project and the supervisor, Lennart Ljungberg, visited the Assar Industrial Innovation 

Arena. Björn, one of the engineers who works there, showed the investigation centre, and 

explained the different areas in the investigation centre. 

Regarding the present project, he explained the several reasons to invest in one of these 

machines and showed the aluminium batteries which are supposed to be welded. He also 

pointed out some warnings such as the control temperature needed to not damage the 

batteries during the welding process. 

Nevertheless, he informed the team about the possibility to use the machine in future 

applications. For this reason, the laser machine should be a multitasking product, able to 

perform different kind of operations such as welding, cutting or material deposition. 

Finally, the engineer pointed out the budget limitations to afford the payment of the laser 

machine. 

 

4.4 Contact with suppliers 

As the main objective of this project is to provide Assar an adequate foundation to acquire and 

use the right laser machine, this teamwork had tried to contact with different companies 

about various products. To compare them and try to obtain the best quality-price relationship. 
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It has been tried to perform a market study in the Swedish territory. Some of the consulted 

companies was TRUMPF, Permanova or Laser Machine Inc. (LMI). 

 

Figure 5: BLM Group (BLM, 

2019) 

Figure 4: Laser Machining Inc. (LMI, 

2019) 

 

 

4.5 Definition of the requirements for the machine 

The last point in the project was to define the characteristics and requirements for the laser 

machine. The target is to provide this information for the possible suppliers to make them 

easier to offer the adequate laser machine. These specifications are related to several factors 

of the equipment such as: dimensions, power range, kind of laser source, capacity to perform 

different laser operations, etc. This work is based on the first step of the methodology. Using 

the information gathered in the previous steps the table of requirements was defined. 

4.6 Laser machine selection 

Once all the requirements for the adequate laser machine have been defined, companies 

should try to fulfil the maximum number of requirements described in this project. The main 

advantage of this method, as explained in the following chapters, is that laser machine 

manufacturers know the specifications of the desired machine from the beginning and they 

will offer a similar product following the requirements described in the table below. At this 

moment, when companies have offered their products it is necessary to study each of them 

and choose the one which satisfies the mayor number of requirements. However, it is 

interesting to distinguish some specifications due to their importance. It could be done with 

numerical coefficients or with different conditions for the requirements. For example, some 

specifications can be mandatory, while others can be recommended.
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5 Results 

The following table shows the different requirements defined for the laser machine. The offers 

submitted must fulfil these specifications to guarantee an adequate quality level. As explained 

below, some specifications are mandatory (must) while some of them are just recommendable 

(should). 

These specifications have been established based on the knowledge acquired in this semester 

regarding laser technology. These requirements, together with all the information explained 

and developed in this project, suppose a strong scientific basis for the University of Skövde to 

acquire the right laser machine and start performing different operations with it. 

In order to state these specifications, a comparison of  the different equipment for laser 

machines was performed. As well as the types of laser and types of welding. Based on the 

main objective of the future laser machine, that is the weld of electromobility batteries made 

of aluminium, the next step was to choose among the multiple equipment and laser sources.  

The following table gathers, what were considered, the best requirements to fulfil the client’s 

demands. The decision was based on the knowledge on the matter gathered after 

researching about it. Moreover, some of the requirements, as the dimension of the room and 

the dimensions of the weld itself were stated by the client. 
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6 Discussion 

As the main goal is to procure the University of Skövde with the specification of the ideal laser 

machine for the purposes they demand, it is needed to secure that the money spent is not 

wasted. For that purpose,  the team completed a vast research of information about laser 

machines and the processes they can perform. As important as the task was, crucial support 

for many decisions on the specification of the machine was needed. Because of that, the 

research was based on scientific papers, books, and conferences. The specification of the 

machine was completed with the help of all the scientific theory gathered earlier. The table 

with the specification can be consulted by the bidders. Moreover, they will try to fulfil as many 

requirements as possible; while, at the same time, competing among each other to get the 

contract for themselves. For that, they will not only have to fulfil the requirements, they will 

also have to do it for the most economical price. This way two things were assured: that the 

machine will fulfil as many of the requirements on the specification table and that the machine 

will not exceed on the budget. This approach was considered the best one in order to use the 

money as efficiently as possible. 

The result of this project will have a social and environmental impact. On the one hand, the 

hypothetical machine would be bought by the University of Skövde and it would not be only 

used by professionals. The machine would also be used for education and investigation. The 

students of the University of Skövde would have now access to a high-tech laser machine, they 

would be able to see demonstrations of how it works and learn how to use it. Therefore, the 

acquisition of the laser machine would have a positive impact on society from an educational 

point of view. Moreover, it would also have a positive impact from an environmental point of 

view, as laser welding produces less waste than conventional methods of welding. Also, the 

few wastes that it may produce can be easily recycle/reuse. Therefore, it would have a positive 

impact from an environmental point of view, as it would decrease waste production.  

As for the future plans, after the different companies make their offer, one of them will have 

to be chosen. For that, the information gathered will be essential. To know which offer suits 

best for the plans of the client. After that phase, the machine will need to be installed at the 

ASSAR house. As mentioned during all the project, the main target of ASSAR purchasing this 

laser machine, is to conduct welding operations in aluminium batteries. Moreover, as an 

investigation centre, ASSAR are open to develop different projects with the machine to 

improve some typical operations related to the companies which make up ASSAR. This team is 

open to support the association in all the possible ways; providing help in the new projects 

that ASSAR could develop in a technical or practical way. 
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7 Conclusion 

In this section, the obtained results and the change of strategy will be analysed and discussed. 

It will be also evaluated if the goals stated at the beginning have been fulfilled successfully. 

First of all, the table of the requirements has been the result of a vast investigation on laser 

machines, procedures, and laser sources. However, some requirements were specifically 

requested by the client, like the dimension of the room or the type of weld. The specifications 

were stated as a result of a deep comparison among the different choices that the laser 

welding machines offered. In order to elaborate the table with the specifications, it was 

considered all the information the client provided. The requirements needed in a machine to 

perform the weld of thin aluminium sheets (as it is the main objective of the client) have been 

gathered. 

Moreover, a research on laser machines was not enough. As the laser machines would work 

with electromobility batteries, a research on electromobility, batteries and the automotive 

sector was conducted.  

For that matter, it could be concluded that the objective of making a specification table where 

the requirements for a laser machine that would perform welding on electromobility batteries 

made of aluminium was fulfilled successfully. 

However, that is not the only important thing. As this project is a State project (University of 

Skövde), the spending of the money was a critical issue. Therefore, an efficient use of the 

money had to be assured. For that matter, the bidders will try to offer a laser machine that 

fulfils as many requirements as possible; and they will do it for the most economical price 

possible. As they try to get that contract for themselves, they will have to compete among 

themselves. That way it can be assured that the money will be spend efficiently. 
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Appendix 1: Gantt Diagram and Weekly 

Reports. 



0  

 

 

GANT DIAGRAM 

 

 
1. 2019/19/01: Begin project 

2. 2019/23/01: Search of the project with Ulf Stich 

3. 2019/23/01: First contact with client and supervisor Lennart Ljungberg 

4. 2019/23/01-2019/25/01: Develop first weekly report 

5. 2019/24/01-2019/28/01: Search information about laser welding 

6. 2019/29/01-2019/05/02: Define specifications of the degree project 

7. 2019/29/01-2019/05/02: Define the Gant Diagram to follow during the development of the degree project 

8. 2019/06/02: Examination: Assignment Specification 

9. 2019/07/02-2019/04/03: Investigation of aluminium laser cutting and welding 

10. 2019/07/02-2019/04/03: Investigation of laser welding operations 

11. 2019/05/03-2019/18/03: Preparation of the first parts of thesis to examiner 

12. 2019/19/03: Submission: First parts of thesis to examiner 

13. 2019/20/03-2019/20/05: Continuation of investigation of aluminium laser cutting and welding 

14. 2019/20/03-2019/20/05: Investigation of laser welding operations 

15. 2019/08/05: Lecture: Opposition & Peer Review 

16. 2019/21/05: Submission: Preliminary report to supervisor 

17. 2019/28/05: Examination: final presentation of complete project and opposition 

18. 2019/05/29: Examination: Presentation 

19. 2019/07/06: Submission: complete report to examiner 
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During the thesis work, the Gantt diagram defined at the beginning of the 

thesis work was followed to achieve the goals on time. Moreover, 

alongside the Gantt diagram, the weekly reports were also a useful tool to 

achieve the goals on time. 

As it can be seen, the Gantt diagram did not suffer any major changes. 

However, there were weeks that due to the vacation of the supervisor or 

due to some personal issue that affected us, there were some minor 

changes from week to week. Minor errors that had no effect on the 

outcome of the thesis. Therefore, they were not worthy to be shown.  

And as it can be seen above in the charts, no problems were encountered.
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Appendix 2: Laser General Theory 
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Laser Beam Welding (LBW) is one of the most developed welding processes to join materials. 

The power density of a laser beam is higher than the one used in other welding processes such 

as plasma or arc welding. This is traduced into a deeper and smaller keyhole, in comparison with 

the ones performed by other welding. Another significant difference regards the speed of the 

laser welding, which is faster than in other processes. 

One of the main advantages of laser welding is its flexibility. Besides could be used to join various 

kinds of materials such as metals or plastics, the laser beam welding is very useful in very thin 

sheets with 0.01 mm thickness as much as thick plates with bigger thickness. 

Important to mention the necessity of a shielding gas to protect the workpiece from a possible 

oxidation. Some of the gases used for this mission are helium, argon, or nitrogen. 

Adding a high precision and speed to the list of advantages, laser welding is considered as one 

of the most advanced welding processes and its applications are increasing as well as the own 

process development. In order to choose between pulsed or continuous wave, is important to 

know and consider the specifications of the laser machine as well as the mechanical properties 

of the joint which is going to be done and the weldability of the materials to weld in the 

operation. 
 

Figure 6: Laser welding operation (Metalurji & Malzeme Bilibi, 2019) 

 

 

Regarding some technical aspects of the laser welding process, the radiant energy generates an 

amount of heat which is required to melt the materials (can be one or more types) to be joined. 

When the beam is projected on the material which is going to be welded, it absorbs the energy 

by the interaction between: 

• Free electrons in the material. 

• The electrons transmitted through the beam. 

• Other electrons located in material imperfections, defects, etc. 

In this way, the temperature of the material increases due to the transformation from laser to 

thermal energy. This increase of the temperature benefits the laser absorption and a keyhole is 

formed due to evaporation. The absorption coefficient depends of two main factors: the 

temperature and the surface of the workpiece. (Quintino, 2011) 
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General disadvantages 

In general terms, the laser beam welding shows several limitations regarding the weight and size 

of the laser generator which is necessary to produce an adequate laser beam to the different 

missions which can be performed by this system (cutting, welding,). For this reason, the most 

common solution has been to fix the generator position and move the workpiece respect the 

generator. Nonetheless, this good practice is more difficult to conduct with a bigger weight and 

size of the workpiece. (Nilsson, 1993) 

This conflict has tried to be solved with the connection of the generator with a mobile arm 

through flexible fibre tube with the mission of carry the laser beam from the generator to the 

mentioned arm. Two main disadvantages have been observed with this solution: 

1. Satisfactory results have been obtained only with laser generators with a low power 

capacity. 

 

2. Reduction of the laser beam power due to the torsional state of the tube. Moreover, the 

laser beam projected from the arm shows discontinuity during the welding or cutting 

process, which is traduced into a negative result in the workpiece. 

Although the CO2 laser system have been used traditionally in the automotive industry the Nd: 

YAG laser has taken a higher importance during the last years, able to produce beams with more 

than 2 kW power. 

As known, the use of light materials (such as aluminium (Al) or titanium (Ti)) has replaced the 

steel in the mentioned industry with the main goal of reduce the weight of the prototypes. 

However, the aluminium welding by laser beam go hand by hand with some problems such as 

the less weldable in comparison with the typical steel plates. Moreover, the aluminium alloys 

are also problematic due to its high thermal conductivity and reflectivity of the laser light. 

Nevertheless, the last advances with Nd: YAG laser have given satisfactory results with 

aluminium. 

Main limitations in automotive aluminium alloys 

Bad absorption of the laser beam energy by the material due to the high number of free 

electrons in the aluminium workpieces. In this way, aluminium is considered one of the best 

materials to reflect the light. Moreover, these aluminium alloys contain some other materials 

(such as magnesium or zinc). The evaporation of these materials produces a plasma that blocks 

the laser beam mentioned. 

Although the initial steps of aluminium laser welding are difficult because of the high reflection 

of the material, once the aluminium starts to evaporate and its liquid state appears, the 

absorption increases quickly and facilitate the welding process. (Forsman, 2000) 

While in steel the typical values of power density are situated around 106 W/cm2, the power 

density required for aluminium alloys is about 1.5-2 x 106 W/cm2. Consequently, more powerful 

laser generators are needed to achieve adequate results. 
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Maintenance specifications of laser machines 

Is important to conduct regular visual inspections of the machine. About the nozzle, it is 

necessary to clean the dust which concentrate around it. This happens because of the material 

evaporation during the laser machine processes. 

Taking out the nozzle and lens assembly out, is possible to observe the lens and clean them very 

easily. If the machine is turned on with a big amount of power, the lens can be damaged. 

Moreover, the lens will decrease their reflection capacity because of this dust, which will be 

burnt affecting one of the lenses faces. In conclusion, keep the lens cleaned is considered as an 

obligation to assure the correct working of the laser machine. (ThinkLaser, 2018) 

The next items are necessary to perform correct cleaning of this assembly of the 

equipment: 

• Isopropyl alcohol 

• Acetone 

• Pair of gloves 

• Lens removal tool. 

With some cotton with alcohol, do circular movements in the lens faces. After the dust have 

been removed from the centre of the lens and they have been dried out, it is time to clean the 

surface carefully with a tissue. Once the lens is reintroduced inside the O-ring, use the lens 

removal tool to adjust it in the tube. As lens, mirrors need also to be cleaned. However, for these 

ones, acetone will be the substance used to eliminate all the debris which can burn during the 

operations conducted. 

Lens should be checked daily or every time the machine is going to be used while mirrors can be 

checked visually once a week. 

Regarding the nozzle, as said, it has a direct contact with the process and a more aggressive 

cleaning substance, like acetone, is necessary to clean all the dirt which can appear on it. As the 

external of the nozzle can be cleaned with a tissue, for the internal area a cotton stick will be 

needed. 

About the rails of the machine, is important to use a dry tissue to clean the possible dirt and 

grease accumulate because of the use of the laser equipment. A good advice is to apply a 

molybdenum lubricant not directly in the rails but apply it on a tissue and rub it along the rails. 

With this action, a fine film of dry lubricant will protect the rails from dust and dirt. 

As obviously, is necessary to keep clean the big areas of the laser equipment which accumulate 

dirt due to the use of the machine. Once a week, is important to perform a complete inspection 

and cleaning of the complete equipment with the help of a hoover and tissues. (ThinkLaser, 

2018) 
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Figure 8: Different optics with an 

inappropriate maintenance 

(TheFabricator, 2019) 

Figure 7: Thin film of dust in the optic can affect 

the behaviour of the optic (TheFabricator, 2019) 
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Parts and functions 

 
1. MACHINE BODY: is the container of the whole equipment and system. It oversees the 

mechanical parts movements (platform and workpiece in some cases). All these 

displacements are controlled by a control program previously defined. A servomotor 

oversees the power supplement to the system. 

 

2. LASER SOURCE. 

 

3. LASER CUTTING HEAD: it moves along the Z axis, with the help of a servo motor and 

some transmission pieces. 

 

4. CNC SYSTEM: control the machine compounds to reach the desired coordinate. 

Moreover, it also manipulates the system power employed. 

 

5. OPERATING TABLE. 

 

6. VOLTAGE STABILIZED POWER SUPPLY: it is connected to the machine tool, the power 

supply system, and the laser. Its function is to reduce the possibility of interference 

from the external power grid. 

 

7. COLD WATER UNIT: its main target is to reduce the elevated temperature of the laser 

generator due to the excess of heat. This will improve the laser machine performance. 

It will also assure the quality of the laser beam and prevent fractures in the lens due to 

the mentioned elevated temperatures. 

 

8. GAS CYLINDER: supply the laser industrial gas by the medium cylinder, and with the 

auxiliary one supplement the laser head. 

 

9. AIR COMPRESSOR AND TANK: in charge of the supplement and storage. 

 

10. AIR COOLING DRYER AND FILTER: gives the needed amount of clean dry air to the 

laser generator. 

 

11. DUST COLLECTOR: the dust and dirt emitted due to the lasers operations is processed 

and filtered send out in adequate conditions to the environment. (Admi, 2019) 
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Appendix 3: ELECTROMOBILITY 



40  

INDEX 

Batteries .................................................................................................................................. 33 

Electric motors ........................................................................................................................ 34 

Laser technology in electromobility ........................................................................................ 34 



41  

Electromobility is the name given to all the new advances away of fuels and CO2 emissions in the 

automotive industry. It includes all the new electric and hybrid vehicles such as cars, trucks, 

trains, etc. Moreover, all the advances associated with a decrease of the carbon footprint also 

takes part of the electromobility term. Operations during the manufacturing of the automobiles 

are also included. 

The main of this way of thinking is to decrease the CO2 gas emissions of the new vehicles which 

go on sale. Both of private and public sectors are encourage on this attitude. Some towns or 

cities are developing plans to continue growing in a green atmosphere through incentives to 

tenderers which offers ideas respecting the planet. This agreements between industry and 

governments is a sign that electromobility is something more than a strategy to comply the 

regulatory requirements. In addition, is a good strategy to make the society aware of the 

necessity of protect the environment. 

 

Figure 9: Electromobility (EitDigital, 2019) 

 

The main advantage of electromobility, despite of an evidential bigger respect with the 

environment (eco-friendly), is the reduced price of electricity in comparison with fossil fuels. In 

addition, less maintenance is required in an electric car and it is compound of 250 elements 

instead of 2500 that have a traditional car. Another positive point of these new cars is the 

efficiency: while for diesel or gasoline vehicles efficiency is about 35% and 45% respectively, in 

the electrical vehicles the performance is around 90%. This value will never be possible in 

traditional cars because the heat lost. (Infineon,2019) 

Although an electric car is more expensive compared with one fuel vehicle, its price has reduced 

drastically in the last years. 

For these reasons, the companies in charge of design the new automobiles are investing more 

money in this section of their organizations. The final target is to fulfil the market with electric 

vehicles with any CO2 emission. In the Swedish territory, the car industry is completely implicated 

with this ideology and is trying to develop innovative ideas to improve their prototypes. One 

example is present in Gothenburg, where the company is evaluating two completely electric 

buses in some routes to obtain information. The target is to improve the vehicles and replace the 

actual buses for electrical ones in a near future. 
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Regarding the European area, almost automobile companies have a section in charge of 

electromobility, trying to reduce the carbon footprint of their products. Although the future of 

electromobility is unknown, it is a vital part in some companies’ strategies for the next years. 

Volkswagen predict to sell 25% of their cars as completely electrics in 2025, while Nissan desire 

to sell 20% of electric vehicles in the European territory in 2020. 

Batteries 

There is no doubt that batteries have become the best artefact to storage and transport energy. 

The most important characteristic of these is the energy density, which represent the 

relationship between the amount of energy and the volume of the battery. 

Regarding the automotive industry, batteries size is even more important due to the small space 

available in the vehicles. Due to this fact, the energy density is needed to be even more elevated 

for this application. However, although the density of the lithium-ion batteries has increased a 

400% since its first use, is necessary to still investigate about new ways to increase it. The main 

reason is that in detriment of fossil fuels, is causing a greater and greater claim of batteries and, 

by hand, an increase of their quality to use them in more applications. (Elect, 2019) 

Nowadays, batteries used in e-cars can store from 20 to 60-kWh. One of the challenges for the 

designers is related with the weather: if sun is the biggest responsible of the energy supply, then 

is necessary to storage the excess of energy for the cloudy days. In other words, the target is to 

can use the excess energy for the future in the electric vehicles. Some ideas suggest the 

installation of photovoltaic plates, so e-cars can reduce their external energy dependence, 

traducing it into a cheaper cost of energy for the car user. 

One of the main limitations about batteries related electromobility, is the distance a e-vehicle 

can go over without recharge. Nevertheless, the current batteries installed in the vehicles can 

storage energy for diary tasks of potential customers. Moreover, in some cities such as Oslo or 

Amsterdam is possible to find a charging station for every 488 and 650 inhabitants, respectively. 

The main conflict is related the capacity of e-vehicles to cover large distances. (Infineon,2019) 

For years to come, the predictions indicate a reduction in the battery’s costs for the 

manufacturers company. This fact is due to several reasons: an increase of the production 

volume, a higher level of automatization, etc. However, other factors such as the cost of the raw 

materials, is supposed to maintain constant in the time. 

All these facts are traduced directly into a decrease of the cost and, hand by hand, the prices of 

the e-vehicles and bigger ease for the customers to acquire them. 

Regarding the most important batteries manufacturing companies, LG has supplied Volvo, 

Hyundai, and Renault among another brands. Axeon has works in collaboration with Rolls-Royce 

and Jaguar Cars while the famous company Samsung has provided batteries for BMW or 

Volkswagen. 
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Figure 10: Example of batteries layout in an electric car (Baojiabao, 2019) 

 

 

 

 

Electric motors 

An electric motor is an artefact able to transform an electrical input into mechanical energy. The 

advantages in comparison with a common combustion motor is the absence of emissions to the 

atmosphere, while the electrical energy used is obtained from clean and renewable sources. 

The main components of the system are: 

• The rotor, which is the moving part. 

• The bearings which make possible for the rotor to turn around the main 

axle. 

• Stator is the support of the electromagnetic circuit and is compound of many thin metal 

plates, which are used to reduce losses and improve the efficiency. 

• The air gap, although is not really a component, is the distance between the rotator 

and the stator. The ideal space is the minimum possible. 

• Commutator oversees reverse the direction of the rotor when is necessary. 

Laser technology in electromobility 

Laser technology has been taking more importance in the last years in the electromobility 

sector. Manufacturers search new ways to perform their metal products in a scalable and 

effective ways. Laser machines offers higher efficiency and quality in many operations such as 

welding, cutting, or hardening. 

The main advantages in comparison with other methods are the non-contact operations, the 

elevated speed of the system and the absence of irregularities in the result. (Frank Gäbler and 

Dr Jürgen Uebbing, 2018) 

Laser technology take an important paper on two main operations related to 

electromobility: 
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• Aluminium battery welding: it is necessary to have an exhaustive control 

of the temperature during the battery’s cases welding. In addition, it is 

important to prevent the possible holes done in the operations. 

Infiltrations of water can react with the lithium, producing gases and high 

pressures which can destroy the battery. Moreover, the welding join 

should be enough strong to hold up the possible efforts during the 

battery’s lifetime. 

 

• Hairpin welding: some pins (called hairpins due to their shape) are nowadays replacing 

the wires used before in electrical motors. This substitution is due to their biggest 

resistance to deformation, so their position in the motor can be controlled much 

better, improving the motor efficiency. One of the main challenges regarding 

electromobility is related to weld as well as possible these small pieces in the stator of 

the motor. Hairpins are welded together for, when the motor is finished, they act like a 

long conductor. It is necessary to satisfy two main requirements: the welding should 

be enough mechanically strong and don´t produce any defect during the welding 

operation. 

 

• Reduce the weight of the design: as in traditional vehicles, manufacturers are always 

searching to reduce the weight of their products. With the right laser equipment, is 

possible to obtain the most accurate results producing doors or pieces in general. 

 

• Electric motor: the design and manufacturing of electric motors and all the parts 

which take part of them such as differential or the gearwheels. 

 

• Electronic devices: almost electronic artefacts which takes part of the vehicles can be 

manufacture with laser machines, ensuring a correct working and an efficient 

connection.
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Appendix 4:  

LASER BEAM EQUIPMENT 
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Laser beam welding systems 

There are several types of lasers, but the most widely used are the solid-state Nd: YAG and gas 

CO2. 

 

Solid-State Lasers 

 
Direct-Diode Laser 

For these kind of diode lasers are used the same working principles as for the light-emitting 

diodes (LED), except that the direct-diode lasers generate much more power thanks to 

developments in the cooling of diodes and in high-power-output lasers diodes. Allowing these 

lasers to produce over 3 kW of output power. Also, these lasers generate single wavelength light. 

However, they can only be used for high-speed, conduction-mode weld processes. Because of 

their low energy density, they cannot be used for keyhole-mode welding. 

Figure 11: Direct-Diode Laser  

Fibre Laser 

This type of lasers is specially used in welding applications where conventional optics packages 

are hard to position. These lasers can be focused to a small spot size, due to its excellent 

quality output. 

Gas Laser 

CO2 lasers are the most efficient when it comes to high-power beam welding. There are four 

types of CO2 lasers, each one characterized by its gas flow system: slow axial, fast axial, 

transverse, and diffusion cooled. CO2 lasers consists of three basic subassemblies: the optical 

cavity, the gas flow loop, and the electric discharge system, which includes the power source 

and electrodes. 
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They do not use just one gas, but a mixture of nitrogen (N2), helium (He) and CO2. The main gases 

are N2 and He, with a small amount of CO2. A universally used type of mixture is helium with 15% 

N2 and 5% CO2. 

 

Laser Beam Delivery and Focusing Optics 

The high-power density needed for welding is achieved by focusing the laser beam to a small 

diameter. This is made possible using reflective mirrors or lenses. 

Focusing Systems 

As discussed before, there are two types of focusing systems: lenses and reflective mirrors. The 

first type is used by solid-state laser systems, lamp-pumped, diode-pumped, or direct diode. 

While the latter type is used by gas lasers. The mirrors present some advantages compared to 

the lenses, they are less sensitive to damage from spatter and fumes and are easier to maintain. 

There are several types of lenses and mirrors. There are plano-convex lens with an anti- reflexive 

coating, compound lens, cylindrical lens, and lens with a graded index of refraction. And, also, 

there can be found several types of mirrors: bare or coated to enhance reflectivity. Gold-coated 

mirrors have the highest reflectivity, but they are much more expensive and sensitive to surface 

damage; while molybdenum mirrors also have good reflectivity, are less expensive and are less 

sensitive to damage. 

Because of those characteristics, a laser system may be divided into two: the first part would 

use gold-coated mirrors to transmit the laser beam to the workstation, while the second part 

would use molybdenum-coated mirrors within the workstation. 

The main reason optical mirrors made of metal are used is because they can be easily cooled 

just by flowing a liquid (water) through the passages beneath its reflective surface. 

The laser can be precisely route to various locations on the workpiece using programmable 

focusing systems. This can be done without moving around the workpiece, which is a serious 

advantage. The next figure shows an example of these devices, this one uses a galvanometer 

scanner with two mirrors to direct the laser beam to the designated points. 
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 Figure 12: Programmable focusing optic 

Laser Beam Polarization 

The speed of the laser beam is dependent of the alignment of the polarization plane of the laser 

output with respect to the direction of the welding. Since circular polarization is equal in all 

directions, it is often used to obtain satisfactory results regardless of the polarization plane. 

By norm, in production welding systems, the optical system is fixed, and the workpiece is 

manipulated. However, polarization is not often an issue when operating with multi-mode laser 

beam, as Nd: YAG. 

 

Auxiliary Systems 

Many auxiliary systems are used in industrial lasers operations. These auxiliary systems are 

connected to a control system, which automates the laser operation. This way the operations 

are done easier and quicker and demand little operator skill. 

There are several auxiliary systems used in laser welding: 

1. Gas supply system. 

2. Vacuum system to maintain the required pressured for the operation. 

3. Water to cool the system. 

4. Solid or aerodynamic mirror system to deliver the high-power beam from the laser 

cavity at reduced pressure to the workpiece at atmospheric pressure. 
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5. Power meters to measure beam power 

6. A beam-screen system that carries the beam to the workstation on demand by the 

operator or CNC. 

Laser Beam Switching 

Laser beam switching enables us to work in multiple workstations using only one laser. This can 

be done using laser beam-switching mirrors. 

The most important advantage of operating in this way is that while a workpiece is being welded 

in one station, at the same time other workpieces can be prepared for welding elsewhere. And 

when the first task is done, the beam can switch and work on the next task. 

Robotic Laser Beam Delivery 

Nowadays different robotic devices to control the laser beam have been developed. Therefore, 

in the modern industry robots with very flexible laser beam motion systems, which can perform 

three-dimensional welding and cutting, are used. 

There are two types of robotic laser beam delivery, whether it is used for welding or for cutting. 

For the first one a combination of focusing optics, which are placed on the end of a mechanical 

arm, and beam-directing mirrors placed in the various joints of the arm is used. Instead of the 

mirrors it can be also used a delivery fibre that direct the laser beam to those optics. For the 

latter one the laser beam-focusing lens are placed on a Z-travel axis suspended from a X-Y table 

motion system, and then various laser beam-directing mirrors are used to direct the beam to the 

workpiece. 

In the figure 1 it can be seen an example of a Nd: YAG Laser with a 5-axis robot system with a 2- 

axis positioner, used in the modern industry. 
 

Figure 13: Nd: YAG laser with a 5-axis robot system with a 2-axis positioner 
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Auxiliary Gas Shielding 

An auxiliary shielding gas, which consists of a gas-flow compatible with the current welding 

process, is provided to cool down the weld metal below the oxidation temperature. This inert 

gas shielding can be also achieved in a separate way, by locating the workpiece in a glovebox, 

which can be emptied and filled again with the inert gas. The main objective of this practice is 

to create an inert environment throughout the joint. 

 

Laser beam cutting equipment 

This process needs a precisely focused, coherent laser beam. 2 primary types of laser sources, 

the pulsed Nd: YAG laser, operating at a wavelength of 1.06 µm and the CO2 laser, operating 

either a pulsed or continuous mode at a wavelength of 10.6 µm are used for cutting and drilling. 

There is another type, the so-called excimer laser, which emits ultraviolet energy from molecules 

called excimers that are created in pulsed electrical discharges and exists only for a brief period, 

on the order of nanoseconds. This type of laser uses a combination of three possible noble gases: 

argon, xenon, or krypton, with halogens such as fluorine. They operate at wavelengths of 248 

µm and are used as a beam source for drilling some materials. 
 

 

 
 

Figure 14: Flying optic laser cutting geometry for flat sheets 
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CO2 Lasers 

They are the most common beam source for contour-cutting applications, is a gas-discharge 

device: it operates by sending an electric current through a mixture of helium, nitrogen, and 

carbon dioxide. The electrically excited gas produces laser emission at 10.6 µm in the far infrared 

spectrum. Very often, the gas is passed through a heat exchanger where it is cooled down before 

being recycled. 

 

Figure 15: CO2 cutting system 

 

Temporal characteristics of CO2. They can operate in a continuous-wave (CW) mode or in pulsed 

modes. The most common pulsed types are gated and enhanced. The gated mode is just as the 

continuous-wave mode, the only difference is that the input, and hence the output, is turned on 

and off to produce an output at a controllable duty cycle. And can be of any length of time less 

than the period corresponding to the repetition rate of the pulses. While in the enhanced laser 

designs turning on the power gives a more powerful pulse that can have a peak power much 

higher than the CW rating. They often last about 100 µm.no matter the repetition rate. They are 

quite useful in cutting processes of reflective material. 

Spatial characteristics of CO2. Most of them have good optical quality controlled by the mirror 

system of the laser. They have a lower-quality mode; however, focused spot diameters of 0.5 

mm can be achieved. 

Slow-Flow Lasers 

These are the earliest kind of CO2 lasers, which consist of glass tubes with mirrors at each end. 

Electricity was applied near those mirrors while the gas passed through the tube. These lasers 

are very simple and reliable, producing about 50 W/m of discharge; although, they become quite 

difficult to design when trying to reach more than 1500 W. Nowadays, in despite of being 

obsolete they are still used because they produce stable, high-quality outputs. 
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Fast Axial-Flow Lasers 

Specialized compressors are used to flow the gas rapidly down the discharge tube. The source 

power of these lasers can be either direct current or radio frequency, making them available in 

the multi-kilowatt power range, and very used in cutting processes. Instead of cooling the gas  

by conducting it to the wall of the tube, as in the slow-flow laser, the gas is cooled in a heat 

exchanger. 

Transverse-Flow Lasers 

These lasers circulate the gas through the discharge zone at high speed and them cooling it in 

the heat exchanger, achieving this way high power in small packages. Because of its electrically 

excited region is short and wide, and the variations in current density and gas temperature in 

this very same region, these lasers have asymmetric modes. However, transverse-flow machines 

are well used as cutting lasers. 

Diffusion-Cooled Lasers 

In this case, the gas is neither circulated nor exchanged. To minimize the decomposition of the 

gas, it is used radio frequency to excite the laser medium instead of electricity. The excitation 

energy produces an excess of heat which diffuses into the walls, cooling the gas. The main reason 

they are selected as cutting lasers is because of their plain design. As they do not have vacuum 

pumps. 

Nd: YAG Lasers 

These lasers are used for industrial drilling. However, the continuous-wave type is also used for 

contour cutting. These lasers contain a crystalline Nd: YAG rod surrounded by xenon or krypton 

lamps, light-emitting diodes, or laser diodes. Those lamps and diodes excite the neodymium 

atoms, emitting light at a wavelength of 1.06 µm, in the near infrared spectrum. The rod needs 

to be cooled, to control heat increment. Also, more than one rod can be used to obtain a 

multiple-kilowatt power output. 

Temporal characteristics Nd: YAG. They have two operating modes: continuous wave and 

pulsed. In the latter, the repetition rate is found below 200 Hz. The control over the power that 

goes into the lamps allows to precisely adjust the shape and duration of the laser pulse. The solid 

lasing medium has a high concentration of atoms that emits light, which produce a high peak 

power. Those high-energy pulses evaporate the molten debris when cutting or drilling some 

material. 

Spatial characteristics of Nd: YAG Beams. To use these lasers properly in the workplace, it must 

be located properly; either the laser generator is near the workstation or the beam is focused 

into a fibre optic which delivers it to the workpiece. Of those two, the latter is usually used for 

welding instead than for cutting, because of its focusing characteristics. There have been several 

improvements in the design mechanism of Nd: YAG lasers, reducing excess heat. One of those 

improvements is the use of diode lasers to pump the Nd: YAG, improving beam quality and its 

efficiency. 

 

Auxiliary systems 

For the processes of cutting, drilling, machining, and material-removing tasks, the laser needs 

support from mechanical devices, that will deliver and orientate the beam. 
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Beam delivery systems 

To achieve the best cut quality vibrations and misalignments are forbidden; therefore, the laser 

optics must be held motionless. But now that the optics are fixed, the workpiece will be the one 

to be moved around to the laser; however, that makes the process complex. 

To simplify the process, a moving beam system is used, now the workpiece is only moved when 

being loaded onto or unloaded from cutting table. But now it is needed to preserving beam 

divergence, alignment, rigidity, and beam path cleanliness. 
 

Figure 16: Moving beam system 

 

An improved moving beam system would be a robot system with different axes, allowing the 

beam to impinge on the workpiece from any angle. 
 

 

Figure 17: Robot moving beam system 
 

This process is conducted after the worlding process. It must be applied at short intervals, after 

the melt has solidified. The silicates formed in the middle of the weld are easily removed.
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To preserve the focus spot size, either optical or computer-programming compensation is 

needed. 

Rigidity 

To obtain the rigidity desired a massive support structure can be used. But that is only for fixed 

cutting heads. 
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Focusing Heads 

These focusing heads are the responsible devices to focus the laser output on the workpiece, 

but not only that, they also incorporate gas nozzles to provide the assist gases. They also carry 

the precise devices to achieve precise positioning. 

When cutting thin sheets, the focusing heads usually have ball bearings that ride along the 

surface of the workpiece. This solution may produce undesired finish and is not functional for 

contoured workpieces. There are other solutions like using a drive motor attached to the 

focusing head and control it with a sensor. Also, capacitive probes can be used, they work very 

well in all orientations but can only be used with electrically conductive workpieces. And one 

more solution would be contact probes, which consist of a fork or cup around the cutting nozzle, 

these probes work only in vertical position but for any material. 

 

Polarization control 

Polarization is important, especially when cutting reactive metals with oxygen. The laser light 

can be polarized in many ways, but the best results in oxygen-assisted cutting of metals are 

obtained by using circular polarization. 

 

Cleaning 

The first reason to use laser cleaning as an alternative instead of conventional cleaning is that it 

is cheaper. Also, as well as its low energy consumption, the process does not need any chemicals 

or abrasives. Therefore, it is a process not only more economical but also more sustainable and 

environmentally friendly. 

While cleaning, it is especially important not to damage the surface of the 

component; that’s 

why lasers  with short pulsed should  be used. For  metals, the typical solid-state 

wavelength is 

1.64 nm; because of their high reflectivity. Therefore, moderate intensities are used to remove 

contamination from the surface without damaging the product. 

If the laser parameters are intensified, the upper boundary layer (up to 5 µm) can be modified 

to improve its corrosion behaviour (Büchter E. 2018). It can also increase the surface area by 

roughening. 

 Figure 18: Residue- free laser after- treatment of weld seams 
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Laser cleaning requires, contrary to welding and cutting, the radiation to be distributed over a 

wide area. When cleaning the product, the released evaporation residues must be extracted. 

This process is conducted after the worlding process. It must be applied at short intervals, after 

the melt has solidified. The silicates formed in the middle of the weld are easily removed. 

However, the silicates formed at the edge are of the weld seam are more difficult to removed. 

For those silicates, the incidence angle of the laser must be less than 90º. 

Laser cleaning is not only applied after the welding/cutting, but also before as a pre-treatment. 

Dry lubricants and emulsions are easily removed by the laser. Laser cleaning is particularly good 

at removing paint and coatings. Even Zinc and other metallic coatings are easily removed closed 

to the surface or at least its layer thickness can be reduced. 

Thanks to the high precision of the laser-based cleaning machines, as Clean-Laser, it is suitable 

for the field of electro-mobility. An example would be the pre-treatment of aluminium 

components for the manufacturing of battery housings. Or even for the removal of paint from 

the sealing areas of the batteries. However, contributing to a better adhesive pre-treatment is 

not its only function. It also provides electrical contact. 

 

Hardening 

It is a very new technique, yet it is also a fast-growing field. Although it does not have many years 

of existence it has already proven that it is beneficial. As it improves ear resistance, increases 

the component life, and increases strength and fatigue limits. 

The use of laser hardening will make it possible to lessen the cost factors of the operation. 

However, it cannot be applied for every situation; it has its limits. Laser hardening is limited to 

76-203 mm. however, this could be an advantage, as it does not require milling in the hard status 

unlike oven, flame, and induction. The use of laser hardening can save up to a 20% in the total 

cost of production after changing from induction to laser, by the lack of machining in the hard 

status (Ruetering M. A. 2016). 
 

Figure 19: Laser hardening of a crane pivot 

 

After laser hardening there is no need for a cooling media, as the heat conduction of a small 

amount of energy is easily managed into the part itself. This leads to the self-quenching effect; 

therefore, aerosols, water or gases are not necessary. All these result in cost savings. 
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For this kind of process, the laser sources often use a power source of 2 kW or more. To be the 

most efficient as possible, the laser must be applied in a top-hat beam distribution. As well as a 

wavelength that allows high absorption into the metals treated. 

To achieve what is stated above, a diode laser with a wavelength in the near infrared light, 

ranging from 900 to 1100 nm is used. All these lead to the use of fibre coupled high power diode 

lasers, being Nd: YAG a great option. 
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Laser Metal Deposition 

Laser metal deposition (LMD) is a generative laser procedure in which metal is applied in 

layers. The laser creates a weld pool on the component surface. Then the metal powder is 

injected through a nozzle, laterally or coaxially. That powder melts and bonds with the base 

material. Like that, layer by layer, a new structure is formed. 

LMD can be used to improve the properties of the workpiece. This can be achieved by refining 

or combining materials. For instance, adding to a softer metal a hard, high-quality surface. 

LMD will also increase the life of the components; it will, as well, decrease the overall 

manufacturing costs. It decreases the waste of materials and the manufacturing time by a 40%. 

The few wastes that is produced during the process can be reduced by reusing the metal 

powder. 

The LMD process has the following characteristics: 

• Precision of 0.25 mm 

• Production of fully dense metal components 

• Can produce microstructures 

• Can produce heterogeneous materials 

• Control over internal geometry 

The LMD process is a combination of five technologies: 

• Lasers 

• Computer-aided design (CAD) 

• Computer-aided manufacturing (CAM) 

• Sensors 

• Powder metallurgy 

 

Advantages 

LMD produces the best possible adhesion, as it creates a metallurgical bond that adheres the 

deposited metal onto the base material. Although it is a modern technology, it is a quite simple 

process: a weld pool is produced on the surface of the component by the laser beam. Then, 

the powder jets inject the metallurgical powder into the weld pool, it melts and becomes 

metallurgically bonded onto the base material. 

It also has economic advantages. Those advantages lie in the fact that it can add value to the 

component and increase its life. That way reduces the need of new materials, as they last 

longer. It also increases the corrosion and wear resistance. 
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Technological challenges 

The main challenge is to control the process, as it needs to correctly achieve the following 

aspects: 

• Homogeneous layer with the defined properties. 

• Coordinate and control: laser power, powder composition and its supply. 

TRUMPF offers a solution to control those aspects. The solution is a technology 

package that consists of three units: 

o Powder feed: mobile unit with up to four independently programmable 

powder containers. 

o Processing optics with powder jet and the powder transfer line. 

o The optical system: it consists of several sensors that monitor the composition 

of the flow, assuring the homogeneity of the composition of the layer. 

 

Components of LMD 

• Laser 

Characteristics: 

o Laser type: Pulsed Nd: YAG laser 

o Wavelength: 1.064 µm 

o Max. Energy: 50 J 

o Avg. power: 150 W 

o Pulse width: 1 ms- 20 ms 

o Mode quality: Multi-mode 

o Beam diameter: 10 mm 

o Divergence: 6 m rad 

 

• CNC Unit 

The CNC unit is used to control the nozzle and focusing optics associated with the Nd: YAG 

laser. The CNC unit will move them as defined in the CAM tool path data and the CAD model 

geometry. For the fabrication of more complex geometries a CNC unit with 5-axis CNC gantry is 

recommended. 

 

• X-Y table 

The layer deposition of the metal in the x-y plane occurs in this worktable. 

 

• Powder feeder 

The powder flows down by gravity. It reaches on the disc, which rotates spreading the powder 

uniformly. The powder flows down while mixing with the carrier gas. That carrier gas is usually 

argon. 



61  

• Co-axial nozzle 

The powder delivery system consists of powder feeder and radially symmetric nozzles. The 

arrangement of those nozzle is a key component in the delivery of the powder. Because, if well 

designed, it allows to complete the deposition process in one step. 

The deposition head does not only provide the powder, it also provides light and the 

protection gas. The protection gas prevents oxidation of the molten metal. The powder feed 

rate ranges from 0.3 g/m to 50 g/m. 

When the process is over, water cooling is also provided to cool down the laser unit and the 

nozzle. 


