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Abstract 

The purpose of this thesis was to create a requirement specification for a shielding gas chamber for laser 

welding and/or laser metal deposition. This to improve the understanding of requirements that are 

needed for a chamber being able to be used in full production at Volvo Aero, Trollhättan. During welding 

in Titanium it is very important to protect welding areas from oxygen. The idea of using a chamber 

instead of local shielding is not new. However, when there are many welds to be performed in the same 

operation and/or the access to shield the weld (or rootside of weld) is difficult it might be advantages to 

use a chamber. For metal deposition it is even more difficult (and thereby costly) to use local shielding. 

The information and results have been gathered from daily interviews with operators and engineers 

with experience of welding and metal deposition. Internal documents, literature and participating in the 

manufacturing process have also contributed. 

The conclusion of the work led up to a list of requirements for a shielding gas chamber that will be used 
when welding or metal deposition are performed on components for the aerospace industry. It is not 
the design of the chamber that has been achieved with this work; it is the requirement for the chamber 
that will influence the design of the shielding gas chamber. 
 
During this work it was clear that some parts were more important than others: 

 How to realize an oxygen free atmosphere 

 Temperature in the chamber 

 Materials for the chamber 

The difficult part of finding essential information was the fact that nothing was found if any other 

company uses the same welding technology along with the material used.  

The combination of flexibility, high temperature resistance and transparency properties reduce the 

number of avalible materials to choose from to build a chamber. However, the result that the  

temperature reached inside the chamber was lower than expected made it possible for more materials 

to meet the requirements. 
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Sammanfattning 

Syftet med denna avhandling var att skapa en kravspecifikation för en skyddsgaskammare som skall 
användas vid lasersvetsning och/eller laser metal deposition. Detta för att bättre förstå vilka krav som 
behövs för kammaren att den skall kunna användas i full produktion på Volvo Aero, Trollhättan. Vid 
svetsning i titan är det mycket viktigt att skydda svetsområdet från syre. För detta kan ett lokalt 
gasskydd användas eller ett mer globalt. Vilket som är bäst beror helt på de förutsättningar som ges av 
produktion. Då flera svetsar skall utföras i samma operation och/eller åtkomligheten för att skydda 
svetsen (eller svetsens rotsida) är begränsad så kan det vara en fördel att använda sig av en global 
kammare för detta ändamål. Vid metal deposition är det ännu svårare (och därmed dyrare) att använda 
lokala gasskydd. 
 
Informationen som använts under arbetet och sedan gett resultatet har samlats in från dagliga 
intervjuer/samtal med operatörer och ingenjörer som hade kunskap och erfarenhet inom området. 
Information har också hämtats från interna dokument, litteratursökning samt deltagande i produktion. 
 
Examensarbetet har resulterat i en kravspecifikation av en skyddsgaskammare som skall användas vid 
svetsning av komponenter för flygindustrin. Det är alltså inte en design av en kammare som framtagits 
utan fastställande av krav som påverkar den slutgiltiga designen. 
 
Under insamling av information framgick tydligt att vissa delar var viktigare än andra: 
• Hur en syrefri atmosfär skall uppnås 
• Temperatur i kammaren 
• Material för kammaren 
 
Då det i tillgänglig litteratur ej framgår om någon annan än Volvo Aero använder kombinationen av vald 
tillverkningsteknik och materialval har det varit svårt att hitta intressant information mer än den 
erfarenhet som företaget själv erhållit genom experiment. 
 
Kombinationen av flexibilitet, höga temperaturer samt transparens ger ett väldigt litet område vad 
gäller materialval för att använda i kammaren. Av resultatet kan bland annat nämnas att temperaturen 
inuti skyddsgaskammaren ej uppgick till den befarade vilket medför att ett större antal material är 
tillgängliga vid val av material för kammaren. 
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This document is the property of Volvo Aero Corporation. It shall not – either in its original or in any 

modified form, in whole or in part – be reproduced, disclosed to a third part or used for any other 

purpose than that for which it is supplied without the written consent of Volvo Aero Corporation. Any 

infringement of these conditions will be liable to legal action. 
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1. Introduction 

1.1. Background 
When investing in new machines and process equipment it is very important to study the companies’ 

needs and requirements on the equipments. There are a lot of things that have to be considered such as 

working environment, the machines robustness, reliability, flexibility and so on. To do this most 

companies start a project to investigate and solve a lot of questions and often find new questions so 

that the chosen equipment will meet the expectations.  

Volvo Aero has started a project called IaF2 (Industrialisering av Fabrikation 2). The projects purpose is 

to evaluate and to invest in new machinery for a new production stream that solely will be used for 

fabrication of structural non rotating aero engine components. 

Volvo Aero is producing components for aircraft, rocket and gas turbine engines. Because of that, the 

company must use specific materials that can stand the harsh environment that the components will 

face. The material must be light so that the engines weight is acceptable and in the same time being 

able to operate at high temperatures. One material that is common in the front part of an aeroengine is 

titanium with a very high strength- to- weight ratio.  

Today many of the structural engine components are large castings. Due to the material and the size of 

the components the number of companies that have the facilities and the knowledge to meet the 

requirements for aero engine components are very few.1 With low number of suppliers the price for 

such components will be very high, with almost a monopoly situation. Instead of this Volvo Aero has 

chosen to buy smaller sections (in the form of castings, forgings and sheet) and then join them together 

(fabrication), see Figure 1. As a result Volvo Aero can choose among more suppliers to deliver the 

components and also the option to perform more in-house manufacturing.  

To fabricate chosen components in a logistical way a new manufacturing line has been defined.  

Figure 1 Illustrative figure of the process of going go from casting to fabrication. (Internal document) 

                                                           
1
 Rolls-Royce internal document, JDS1168.01 
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This thesis work has been carried out as one part of the project that evaluates different options 

regarding machinery, layout, and equipment for the machinery to industrialize fabrication. The part 

studied is the shielding gas chamber for a laser cell where both laser welding and laser metal deposition 

will be performed. 

The common way of welding in titanium is to use local shielding gas protection. To better improve the 

shielding of the weld and therefore the productivity, the idea of using a chamber has come up. Because 

of this a thesis work has been conducted to investigate the idea. 

1.2. Problem description 
When welding in titanium, the atmosphere during welding must be free of oxygen. Volvo Aero is 

evaluating the possibility to use laser welding and/or laser metal deposition (from now on called LMD) 

as fabricaton processes. LMD is  to create 3-D geometries directly in metal instead of manufacture these 

features through regular cutting and then weld them in. Volvo Aero has found that the cost to produce 

aero engine components for the next generation of aircraft engines can be reduced by using LMD and 

the possibility to use the process for fields of application such product development, new manufacturing 

and repair during overhaul. 

If welding and/or LMD is going to be used the atmosphere must be controlled. This is going to be solved 

by using a shielding gas chamber that will be filled with argon gas that protects the weld/weld build up 

from oxygen. The question is how this chamber will be designed, what kind of requirements that are 

needed for the chamber to be compatible with the laser cell and the overall requirements for the cell.  

The requirements will involve areas such as geometry, process monitoring, chamber material, flexibility, 

connections for the chamber and working environment. The improvements reached when using a 

chamber instead of entire rooms is productivity. It takes a lot less time to empty a chamber from oxygen 

compared to a room. 

1.3. Purpose of thesis 
The purpose of this thesis is to define a shielding gas chamber that can be used to improve the inert gas 

protection that will be used in production for both laser welding and LMD at Volvo Aero. The shielding 

gas chamber will be defined through an equipment specification reported separately at Volvo Aero. 

Some limitations to the thesis work has been made and these can be seen in 3.5. 

1.4. Confidentiality 
The thesis work is a part of ongoing process development at Volvo Aero. Some of the information, 

appendix 9.3 and ref. Andreas Grindeland: Requirement specification for an inert shielding gas chamber, 

2011, VOLS 10128614 are therefore confidential and only reported internally at Volvo Aero. 
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2. Presentation of the company 

In this chapter an overview of Volvo Group will be presented briefly. 

2.1. Volvo Group 
Volvo Group was officially founded in 1927 when the first car, Volvo ÖV4, left the factory in Hisingen, 

Sweden. The two founders, Assar Gabrielsson and Gustaf Larson, first worked at SKF where Volvo was 

incorporated as early as 1915. But it was first in 1924 the two founders decided to build a Swedish car. 

Volvo Group now has production facilities in 19 countries and sales activities in more than 180 countries. 

Volvo Group has more than 94,000 employees worldwide. Volvo decided from the beginning to design a 

car with high safety requirements and quality so that the car would withstand the harsh environment 

that existed in Sweden. These core values are still the cornerstone of the company; the final products 

must be of high quality. Today the company has eight product-related business areas;2 

 Volvo Trucks 

 Volvo Buses 

 Volvo Construction Equipment 

 Volvo Aero 

 Volvo Penta 

 Volvo Powertrain 

 Volvo Services 

 Volvo Technology 

2.2. Volvo Aero 
Volvo Aero was founded in 1930. The company was then known as NOHAB Flygmotorfabriker AB, it was 

not until 1941 that Volvo became majority shareholder in the company. From the beginning Volvo Aero 

only manufactured engines for military use, but in the 1970’s the company decided to broaden their 

operations to include commercial engines. In the 1970’s Volvo Aero also joined the ´Joint Ariane 

European Space Programme´, where Volvo Aero is manufacturing the thrust chamber. Volvo Aero has 

four different business areas;  

 Components for aircraft engines and gas turbines 

 Military aircraft engines 

 Sub systems for rocket engines 

 Engine services 

Volvo Aero has production facilities in Trollhättan and Linköping in Sweden, Kongsberg in Norway and 

Newington, Connecticut USA. They also have an office in Bangalore, India. 

In the 1970´s 90% of the income was from the Swedish air force, today 95% of the income comes from 

commercial components and services and only 5% from the Swedish air force. The decision of “going 

commercial” was a good one.  

                                                           
2
 Volvo Group Global website 
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Figure 2 Volvo Aero's component specialization (www.volvoaero.com) 

“The largest activity at Volvo Aero is development and production of highly advanced components for 
aircraft engines and gas turbines, with the objective to become the global market leader. Our strategy 
has so far proven highly successful, with more than 90 percent of all new large commercial aircraft being 
equipped with engine components from Volvo Aero. 

Volvo Aero develops and manufactures components for commercial and military aircraft engines and 
aero derivates gas turbines. In this area, we have specialized in complex structures; see Figure 2, and 
rotating parts. Our goal is to achieve leading positions in a number of key technologies. 

These include technologies for optimized fabricated structures, production process modeling, high-
speed machining and integrated analysis tools for fluid dynamics and stress calculations. 

Our strategy is to operate as an independent component partner, in selected specialist areas, with all of 
the major engine manufacturers in the industry.”3 

  

                                                           
3
 Volvo Aero official homepage 



5 
 

The corporate values of Volvo Aero are;4 

 Quality 

“Our definition of Total Quality means that all our employees are committed to continuously ongoing, 
measurable improvement work in all processes.” 

 Safety 

“Safety is a fundamental philosophy for Volvo Aero, a concept for which no compromises are accepted, 
regardless of whatever other factors may be raised.” 

 Environmental care 

“We work actively to reduce the company's environmental impact in the design and engineering of 
tomorrow's aviation engines.” 

The company employee more than 2900 people and had under the third quarter 2010 an operating 

income of 224 million SEK. 

  

                                                           
4
 volvoaero.com, official website 
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3. Method 

3.1. Planning 
To achieve the best possible finished product planning must be done early in the process. It is hard to 

plan every little thing that must be done during the thesis because of that changes always occur in a 

project. Despite this it is important to plan for all the major parts of the thesis and within these parts 

leave room for changes. The time plan can be seen in appendix 9.1. 

3.2. Interviews 
Interviews have been carried out throughout the period of the thesis. No formal interview has been 

made, the interviews have been in the form of day-to-day discussions with both operators as method 

engineers at Volvo Aero that have experience in the field studied. The results from this have been very 

good and made it easier to understand the methods and what kind of problems the personnel 

encountered in their daily working situation and their input to solutions. 

3.3. Literature 
To better understand and to gain knowledge in the field of laser welding and protecting gas chambers a 

literature research was performed. The information gathered that is specific for the LMD process is 

mostly in the form of internal documents from tests performed at Volvo Aero. Information about laser 

welding in general, different kinds of laser sources and knowledge of the products has also been 

studied. 

3.4. Participate in production 
To achieve a better understanding of the products that is planned to be welded/LMD: ed in the future 

laser cell and to face the problems that exist today it is very important to spend time where the 

production take place. Several days have been spent in production, following the process and discussing 

with technicians and operators.  

3.5. Limitations 
Since the thesis has been carried out as a small part of a project that will be carried out during several 

years some limitations have been sat. Small changes that have been made during the time of the thesis 

have been considered. 

3.5.1. Operations 

It is impossible to know all the components that will use laser welding and/or LMD in the future. The 

thesis has focused on a number of operations that will use the processes for a specific titanium 

component. These are all the operations that can be considered in the thesis. 

3.5.2. Choice of material 

No other material than titanium has been considered. This is a limitation because of the different 

parameters that have to be used when choosing another material.  



8 
 

3.5.3. External shielding gas chamber 

Since the decision has been made that use of entire rooms as chambers (i.e. including robot and 

manipulator in the chamber) is not going to be used this must also be a limitation. The advantage of 

using entire rooms is the accessibility for the robot. But it is relatively expensive to invest in rooms like 

that and the flexibility is lowered to just laser welding and LMD. 

3.5.4. Equipment performances from the entire cell 

Limitations for the decisions made in the main project must be considered. The main project has 

requirements for the maximum time things can take and this has to be realized by the chamber along 

with the rest of the equipment. As an example the time to evacuate the oxygen must lower or as long as 

the maximum time for set up. 
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4. Theoretical framework 

4.1. Laser welding 
Laser is an acronym for Light Amplification by Stimulated Emission of Radiation. Laser welding uses a 

laser beam to melt the substrate. The laser beam is focused through a lens system or mirrors to a few 

tenths of mm, which gives a concentrated heating of the material and a low heat input. The beam 

diverges and can be transported long distances thru the air without any loss in energy. This means that 

the laser welding head do not require to be placed in the laser´s immediate vicinity.  

Laser welding can be performed either through heat-welding or keyhole welding, see Figure 3. In heat 

conduction welding laser energy is transferred to the material from a single point source that moves 

over the surface of the material. The principle is that the laser beam heats the materials surface and 

heat is led into the material radically away from where the laser beam hits the material. In keyhole 

welding the focused beam of high power density allows rapid heating of the material followed by 

melting and evaporation. When the material is evaporated a cavity is formed that penetrates deep into 

the material. This take the form of a keyhole shaped cavity when the laser beam moves over the 

material. To protect the lens and the weld a shielding gas is used, usually helium or argon.5
  

 

Figure 3 Illustrative figure of Heat conduction and Keyhole welding (www.rofin.com) 

One characteristic of laser welding is that the method is very fast and the positive side to that is the low 

affect upon the material. Welding always affects the material in a negative way and the zone, called 

heat affected zone, must be as small as possible. In the heat affected zone, see Figure 4, (from now on 

called HAZ) the grains are larger than the rest of the material and because of this the HAZ cannot endure 

same level of stress and strain as the material not affected by the weld.6 One other benefit with as little 

HAZ as possible is that the risk of deformations in the material decreases. This is one reason to why laser 

                                                           
5
 Svets.se (2010-10-1) 

6
 Svetshandboken, Klas Weman, Liber AB third edition, ISBN 978-97-47-08458-6, page 205 
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welding is increasing in popularity. Laser welding is a very rapid process and this often leads to lowering 

of the production cost. 

Laser welding has not only advantages. A disadvantage is the close fitting joints that must be achieved 

because of the small spot of the laser, otherwise most of the energy would go to waste. The laser beam 

also must be well aligned to the joint because of the narrow fusion zone.7 

Figure 4 Heat affected zone (www.china-weldnet.com) 

4.1.1. Characteristics of laser welding 

The table below shows a few characteristics of laser welding, see Table 1.8 

Productions aspects Demand of object 

Productivity High Demands on material High 

Handling Medium Seam preparation Yes 

Penetration Medium Seam cleaning Yes 

Risk of  burn thru Yes Fitting demands Vey high 

Weld quality Environment 

Appearance Very good Smoke Yes 

Toughness, strength Good Heat Acceptable 

Heat input Very low Radiation Yes 

Need of education Substantial Maintenance cost High 
Table 1 Characteristics of laser welding 

4.2. Laser metal deposition 
LMD is an additive manufacture process and all additive processes use additional material onto the 

component to build features9. The additional material can be in the form of continuous wire or powder. 

LMD allow not just dense features, the process can create hollow features as well and this is a big 

advantage when it comes to create light structures. Powder bed processes can create very complex 

internal geometries. At Volvo Aero the method used in-house is with wire as a filler material. 

                                                           
7
 Laser welding: A practical guide, Christopher Dawes, ISBN 1855730340, page 26 

8 Weman Klas: Svetshandbok,3:e utgåvan, Liber AB stockholm 2007, ISBN 978-91-47-08458-6 
9
 Design standard, Shaped metal deposition, Rolls-Royce, JDS1168.01 
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LMD uses a laser as heat source. When using metal deposition features are built in layers, see Figure 5. 

With LMD 3-D features can be built from scratch instead of manufacture them in metal cutting machines 

and thereafter welding them in place. Thru this the lead time can be reduced in development and 

operations can be deleted in the production process which gives a more cost effective process. The cost 

of LMD bosses in titanium, see Figure 6, is about 50% compared to weld in a prefabricated boss from 

bar.10 

The temperature in the melt pool is of great importance to be able to achieve high quality in LMD. 

Parameter such as laser power, wire feed rate, and traverse speed must be controlled with high 

accuracy.11 

Schematically LMD can be described as in Figure 5 below. As an example of a feature, a boss in titanium, 

that is built at Volvo Aero can be seen in Figure 6 below. 

 

Figure 5 Schematic figure of LMD process (internal document) 

 

Figure 6 LMD feature built at Volvo Aero (internal document) 

                                                           
10

 LMD in FAB 2010 & XWB, Internal document Volvo Aero 
11 Melt pool temperature control for laser metal deposition processes, Lie Tang and Robert G. Landers, 

Department of Mechanical and Aerospace Engineering, Missouri University of Science and Technology, Rolla, MO 

65401-0050 
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4.2.1. Major risks 

The major risks using LMD is; 

 Local and global deformation 

 Mechanical properties 

Both of these have been and are continuously investigated by Volvo Aero. The deformation of a 

component increase as the substrate material gets thinner and can be lowered by e.g. fixturing, design 

for manufacturing, optimization of process parameters, and cooling. 

The mechanical properties can be handled if sufficient care is taken to the material properties and 

protection of the weld. It is the start point of the deposition that is most likely to have a larger HAZ than 

the rest of the deposition. If possible the start point will be in an area where it is possible to remove 

material and where the stress level is low.12 

4.3. Type of laser 
The type of laser that is going to be used for both laser welding and LMD at Volvo Aero is a solid state 

fiber laser or a disk laser. Solid state lasers use a laser medium that is solid and not a gas or a liquid that 

also exists. The solid often consists of glass or a crystalline host to which a dopant like erbium is added13. 

Fiber laser is a laser that uses an optical fiber doped with elements like erbium, ytterbium et cetera.  

A disk laser or active mirror is a type of solid-state laser characterized by a heat sink and laser output 
that are realized on opposite sides of a thin layer of active gain medium. Despite their name, disk lasers 
do not have to be circular; other shapes have also been tried. Disk lasers should not be confused with 
Laserdiscs, which are a disk-shaped optical storage medium. 

  

                                                           
12

 Rolls-Royce, internal document, JDS1168.01 
13

 http://en.wikipedia.org/wiki/Solid-state_laser 

http://en.wikipedia.org/wiki/Solid-state_laser
http://en.wikipedia.org/wiki/Active_gain_medium
http://en.wikipedia.org/wiki/Laserdisc
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4.4. Titanium 
Titanium has the highest strength-to-weight ratio of any metals14. In its unalloyed condition titanium is 

as strong as steel but is 45% lighter15. Another great property of titanium is its corrosion resistance, even 

in chloride atmospheres titanium has a great resistance against corrosion. The mix of great corrosion 

resistance and a high strength-to-weight ratio makes it perfect to use in both rockets and in engines for 

aircraft’s. Titanium also has a high melting point at 1668°C and this is crucial because of the high 

temperature that exists in an engine. It is also a ductile material, especially when there is no oxygen.  

A downside with titanium is the need for an oxygen free atmosphere during welding. The oxygen 

generate something that is called Alpha-case wich is a very hard and brittle surface. Alpha-case is 

unwanted, from this surface it is common that microcracks appear.16 Because of the risk of alpha-case 

titanium is very hard to weld and shielding gas must be used before, during and after welding takes 

place. It is not just oxygen that is hazardous, both damp and remnant from oil is crucial for the weld 

result.17  

The different processes used when welding in titanium is at least friction welding, Tungsten Inert Gas 

(TIG) welding, plasma welding and laser welding. Stated below is some of the material parameters for 

titanium, seeError! Reference source not found. 1819. It is important to control the cooling rate of the 

eld; titanium can change its structure into a martensite structure if it is allowed to cool rapidly and this 

gives a very hard and brittle material.  

                                                           
14

 Matthew J. Donachie, Jr. (1988). TITANIUM: A Technical Guide. Metals Park, OH: ASM International. p. 11 
15

 Barksdale, Jelks (1968). "Titanium". In Clifford A. Hampel (editor). The Encyclopedia of the Chemical Elements. 
New York: Reinhold Book Corporation. pp. 732–738. LCCN 68-29938. 
16

 George Zheng Chen, Derek J. Fray, Tom W. Farthing: Cathodic deoxygenation of the alpha case no titanium and 
alloys in molten calcium chloride:Metallurgical and materials transactions B, Volume 32, Number 6, 1041-1052, 
DOI: 10.1007/s11663-001-0093-8 
17

 Svets HK kurs 2, Titan och liknande metaller, 2010 (IWE) 
18

 Svets HK kurs 2, Titan och liknande metaller, 2010 (IWE) 
19

 http://en.wikipedia.org/wiki/Titanium (2011-01-28) 
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4.5. Requirement specification 
To purchase new machinery an “Equipment specification” needs to be established to describe the 

requirements of the equipment. The scope of this thesis is to evaluate and state the requirements for 

the shielding gas chamber in a new laser welding cell.  

Important requirement areas for a shielding gas chamber are at least; 

 Oxygen free atmosphere 

 Temperature inside the chamber 

 Chamber materials 

 Function of the chamber 

 Chamber design 

4.5.1. Oxygen free atmosphere 

Titanium has very good material properties to be used in aero engine components. Due to the risk of 

oxidation during welding there must be an upper limit of the oxygen content close to the welding area.  

If the oxygenlevel is to high the risk of pores inside the weld is vast. When oxygen is present during 

welding alpha-case can appear around the weld. This is a very brittle oxide that, if let on the surfaceof 

the weld geometry, can initiate surface cracks that can propigate. When welding the alpha-case can be 

embedded  inside the weld which will reduce the components performance and fatigue. To avoid alpha-

case, vaccum or inert shielding gas must be used when titanium is subjected to eleveted temperatures. 

If a chamber is going to be free of oxygen the chamber design is important. The shape influence the 

quality of the sealing to adjacent equipment. 

To be able to do manual adjustments inside the chamber there must be some openings in the chamber 

and they need to be sealed during the process. 

4.5.2. Temperature inside chamber 

The material chosen for the chamber must be able to operate at the peak temperatures for several 

hours. If the temperature is above the materials limit the material will corrode and/or age faster than it 

would otherwise resulting in a short chamber life. 

During the thesis, tests were performed on a specific component that needed preheating during a 

shorter period of time. The problem with this was that the foreseen temperature inside the chamber 

was higher than the chamber materials melting point. This would lead to substantial difference in the 

choice of material and/or dimensions. 

To evaluate the temperature inside the chamber, measurements were performed with thermocouples 

during the operation sequence. For further information about the thermocouples see appendix 9.2. 
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4.5.3. Chamber materials 

When choosing materials for the chamber a lot of requirements must be considered. The chamber 

should be flexible to allow the robot to move during welding and the movement changes the pressure 

inside the chamber. The change in pressure has to be taken care of in some way; meanwhile the 

chamber must be able to allow volume changes. Because of the movement, the material in the top part 

of the chamber, see Figure 7, must be flexible and being able to be stretched.  

Furthermore the visibility should be considered. This because of the fact that the chamber is going to be 

used in a real manufacturing process and the operator or programmer must be able to visually monitor 

the procedure during welding to avoid imperfection in the weld. The materials transparency is also 

important to avoid that the material is burned by the reflections from the laser beam. 

The welding process also creates a lot of ultraviolet light. To create a better working environment and 

minimizing the risk of harm the material should be ultraviolet resistant. The temperature during welding 

must also be taken into account. If the material chosen is exposed to a too high temperature it will age a 

lot faster and the cost will increase.  

The material has to be dense enough so no oxygen can penetrate into to chamber and at the same time 

be light since the robot is going to handle the chamber inside the laser cell. 

4.5.4. Function of the chamber 

The chamber functions depend on the planned process functions. The chamber will be positioned onto 

the manipulator. To do this the chamber must have a device that allows lifting. To minimize the cost this 

device should be similar to the device of the tools used to carry the laser. It is also important to equip 

the chamber with devices to measure the oxygen limit. To reduce the time for mounting of the chamber 

upon the manipulator some kind of reference system must be used. If the process would change over 

time it is neccesary for the chamber to allow changes to be made. It is also necessary that the chamber 

will be equipped with all the connections needed for the process to function, connections for sheilding 

gas, water et cetera. 

4.5.5. Design of the chamber 

Volvo Aero has designed and built a chamber for process development, see Figure 7, and it is within the 

scope of the thesis to state requirements to improve the chamber regarding; 

 How to realize an oxygen free atmosphere 

 Temperature inside the chamber 

 Materials for the chamber 

The function of the chamber has been improved over the time spent with this project. The components 

that were planned to be used in the chamber have changed over the period but now a decision has been 

made that the chamber only will be used for two different components. This decision made it possible 

to establish requirements for the function of a production chamber. The thesis objective is not to have a 

complete design ready rather to perform the requirement specification that can be used when 

purchasing the chamber.  
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The requirement specification does not state where to put things inside the chamber it states that it 

have to be put somewhere and that it is up to the supplier to decide where. The components need to fit 

inside the chamber which gives geometrical requirements for the chamber. The flexible top part, see 

Figure 7, is required to allow movement during welding and also be compatible with both the inflexible 

part and the tool plate that is located on the robot. 

The chamber is planned to be stored inside the laser cell therefore a bracket is going to be added on to 

the chamber. The bracket should be compatible with the adapter for the tool holder. Space for 

alterations must be added so that the chamber can be altered in the future. 

 

 

 

Figure 7 Illustrative figure of the chamber (internal document) 
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Connection plate 

Gas chamber support plate 
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5. Results 

The result of the thesis is an equipment requirement specification for a shielding gas chamber in 

production so that the chamber will meet the requirements of inert atmosphere for welding and LMD in 

titanium. 

5.1. Realization of oxygen free atmosphere 
Titanium is very sensitive to oxidation and thereby oxygen during welding. To create a totally oxygen 

free atmosphere is difficult, quit expensive and takes time. To achieve a high efficiency the upper limit of 

oxygen content close to the welding area must be sat as high as possible without jeopardizing the 

quality of the weld. 

The limit has been sat through evaluation of test welds performed in development mode that has been 

going on since 2008. Volvo Aero has found that in laser welding the upper limit is 80 ppm and in LMD 20 

ppm. The limit before start of the process must be even lower, due to the risk of oxygen hidden in small 

oxygen pockets inside the chamber. The difference in oxygen limits is because the fact that LMD uses 

many layers and therefore the risk of oxidation is greater. 

The machine cost is high and the laser cell required to be used as much as possible. To do this the set up 

time must be lowered as mush as possible. One requirement of the chamber is that the oxygen upper 

limit has to be reached in less than 15 minutes. The limits to be  reached before the process can start is 

for laser welding 60 ppm and for LMD 15 ppm. 

To be able to do manual adjustment inside the chamber there should be some openings in the chamber 

and these openings must be sealed during the process. The solution was to use zippers that are so tight 

that no gas can pass when closed. 

Some other requirements to improve the atmosphere inside the chamber are; 

 Geometrical shape of the chamber is of high importance. It is easier to seal of a shape with 

round corners than one with sharp. The roundest corner is achieved with a circle. This is why the 

development chamber has the form of a cylinder and a round connection plate as the inflexible 

part. This will also be the case for the production chamber.  

 Better zippers to prevent oxygen to enter the chamber. 

 Use of an oxygen sensor so that the level continuously can be monitored. 

5.2. Temperature in the chamber 
The temperature inside the chamber was measured with thermocouples. The thermocouples were 

placed at the top of the chamber. The first was placed straight up, the second was placed 30 degrees 

counterclockwise and the third was placed 45 degrees clockwise.  

The component was preheated to 180°C. When this temperature was reached the chamber was closed. 

During welding the flow of argon inside the chamber cools the inside of the chamber and this led to that 
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the peak temperature in the chamber did not reach the expected temperature. Maximum temperature 

received was as low as 41°C, see appendix 9.2. 

Due to preheating, this welding sequence is the worst case scenario for the chamber materials during 

welding and / or LMD. The temperature is not as severe for current LMD geometries and this is why the 

measurement was performed during laser welding and laser tacking. The temperature was lower than 

expected during the welding operation which means that the number of possible materials for the 

chamber increase. In appendix 9.2.2, two temperature peaks can be seen. These were due to that the 

flexible part of the chamber was adjusted and are therefore neglected. 

5.3. Chamber materials 
The chamber material could be chosen after receiving information of the temperature inside the 

chamber.  Below some of the requirements are stated; 

 To allow flexibility of the chamber the decision was made to divide the chamber into a flexible 

and an inflexible part.  

 To be able to monitor the process and visually inspect welds without open the chamber the 

material must be transparent.  

 It is also important that the material is dense enough so no oxygen is let thru the material itself.  

The lower part of the chamber is going to be inflexible to better strengthen the chamber. This will allow 

lifting of the chamber in a better way and the lower part will not be as fragile to impacts. The material 

chosen for the flexible and inflexible part is stated in a separate document that will be confidential 

(appendix 9.3). 

5.4. Function of the chamber 
It is very important to measure the oxygen level. Water/moisture might decompose to hydrogen and 

oxygen due to reflections of the laser beam which means that it is also important to measure the 

moisture level inside the chamber. It is also proposed to measure the pressure inside the chamber. 

Excess pressure is needed but it should not be too high due to restrictions in the chambers flexibility.  

The chamber will also be equipped with a holding system with a reference system that ensures that the 

repeatability is secured. This will reduce the time when mounting the chamber upon the support plate. 
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5.5. Design of the chamber 
It has been proven that a circular shape is much easier to seal off than other shapes. The 

recommendation from Volvo Aero is that the chamber will be made in a cylindrical shape, this because 

the lack of sharp corners. 

It is also important that the chamber is user-friendly and this is why it is important with the partition of 

the chamber. The partition of the chamber allows smaller areas to store the chamber when not 

mounted upon the support plate. It is also easier to handle two smaller parts than one big part. 

For all the connections that are needed for water, shielding gas, cameras, filler material et cetera a 
connection plate has been designed. 

Since the equipment will be bought from a supplier the design is not finalized. The suppliers must take 
all requirements into consideration and then design the chamber. However, Volvo Aero has made a 
design to better understand what kind of requirements that are needed. The design idea can be seen in 
Figure 8 and 

Figure 9 below.  



20 
 

 

Figure 8 Chamber and laser robot (internal document) 

 

Figure 9 Chamber and fixture (internal document) 

 

  



21 
 

6. Discussion 

I have had a great privilege  to perform my thesis in a field that have mixed welding and production. The 

field is a mix of both my educations, Master of Science within the field of Industrial production and 

International Welding Engineer. It has been very exciting to test the knowledge received over the years 

of studying and realising that the gained experience and knowledge are usable in real situations.  

Because of the uniqueness in Volvo Aeros production there was not much information to study. Taking 
this into consideration it was inevitable to always make the right decision. This is why it is very 
important to document the experience and knowledge that the staff possesses in order not to risk the 
same errors of occurring again when purchasing of new equipment in the future. The 
focus during the project must be documented together with the measures taken and an evaluation of 
the results must take place. Particularly important is to document ‘lessons learned’. 

It is fairly easy to know what kind of equipment that is needed for a specific production. However, it is 

very hard to list the requirements for the equipment needed for the specific task that the equipment 

will be used for. If the requirement specification is not specified enough the suppliers are left with too 

many options and the final product can, in worst case, be left unusable. 

It is very important to keep the requirement specification updated so the document is active and that it 

can be used in different cases. This is only possible to achieve if new findings are documented and 

adopted. New findings must be spread and used to improve the every day life of development. It is also 

important that the document is available but with the constrain that only a few people can update the 

document so that the changes made to the document is under controll. 

The authentication of the requirements specification have been an on-going process during the period 

of the thesis. Both engineers and operators have been approached to create a better understanding of 

what kind of requirements that are important to reach the final goal; a requirement specification that is 

usable and helpful when ordering a shielding gas chamber.  

The work regarding the shielding gas chamber has been and will continue to be an ongoing process. The 

requirements for the chamber will alter with changes in products, materials, dimensions et cetera. It is 

very important that the chamber meet the safety regulations, e.g. suction of welddust to avoid titanium 

explosions. 

The decision of not including the robot inside the chamber has been a wise decision. The risk of oxygen 

pockets is just too great to do this and the final cost of such a solution would be very expensive 

compared to the cost today. The downside of not including the robot is that the accesibility is reduced.  

The temperature inside the chamber did not reach the temperature foreseen and this was a very good 

result. It is very hard to find materials that can operate in high temperatures and at the same time be 

flexible, transparant et. cetera. To be able to use the materials choosen it is important that the 

procedure of mounting the flexible part is followed. 
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7. Recommendations for future work 

During the time of the thesis a lot of improvement potential was spotted. The main problem was that 

the equipment, that was supposed to be used to develop and improve the laser welding and LMD, was 

used to perform the everyday production of components. Therefore the development for future 

application and improvement of today’s production was set on hold. This situation is not sustainable in 

the long run and must be taken under consideration.  

Development of today will be used in the future. It is therefore very important to put time and energy 

into the working environment, so that the operators will be able to do their job without risk of injuries. 

It is during development the issues of working environment can be rigorously studied. Today the 

situation is far from ‘ready for production’. Today a lot of tapeing is necessary to prevent oxygen to 

enter the chamber, large ladders are needed to mount the flexible part, there are a lack of liftfixtures et. 

cetera. 

Another  area where future work can be done is the possibility to recycle the argon gas. The problem is 

that the cleaness of the gas must be at least 99.995 %. If feasable, Volvo Aero will be able to lower their 

cost of argon gas and at the same time reduce the environmental impact. 

In the future other materials will be used at Volvo Aero and it is very important to start working with 

new materials to find better solutions to the problems of today. I suggest that the development 

department in the future solely work with development instead of trying to cope with a situation where 

development must be held back to ensure that production can continue. 
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9. Appendix 

The thesis work is a part of ongoing process development at Volvo Aero. Some of the information, from 

appendix 9.3 and forward, is therefore confidential. 

9.1. Time table 

 

 

  



28 
 

9.2. Temperature data 
A thermocouple, used during the temperature measurement, is a device that measures a potential 

difference and from this a temperature difference can be drawn. It is important to use the correct type 

of thermocouple, the type varies with span of temperature, resistance to corrosion et. cetera. The 

thermocouples used during the temperature measurement were type-K. This is the most common 

general purpose thermocouple with a sensitivity of approximately 41µV/°C and can be used between 

the temperatures of -200°C to +1350°C.  

The diagrams, see Diagram 1 - Diagram 6 below, shows the temperature inside the chamber during laser 

tack welding and laser welding. The diagrams show that the peak temperature inside the chamber was 

41°C and occurred during laser tack welding, the main reason for this is the preheating process. The 

peaks, marked in red in the diagrams, explained in chapter 5.2 can be seen in chapter 9.2.2. 

As seen in the figures below the temperature inside the chamber varies only a few degrees during 

welding or tack welding. The accuracy of the thermocouples is ±1.5˚C so the variation during the 

measurements can be neglected. The accuracy of the thermocouples is of great importance, the 

important result from the measurement is that the temperature inside the chamber is way under what 

the material used can endure. 

9.2.1. Temperature diagrams during tack welding 

 

Diagram 1 Temperature during tack welding, positioned 30 degrees counterclockwise. 
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Diagram 2 Temperature during tack welding, positioned straight up (0 degrees). 

 

Diagram 3 Temperature during tack welding, positioned 45 degrees clockwise. 
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9.2.2. Temperature diagrams during welding 

 

Diagram 4 Temperature during welding, positioned 30 degrees counterclockwise. 
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Diagram 5 Temperature during welding, positioned straight up (0 degrees). 

 

Diagram 6 Temperature during welding, positioned 45 degrees clockwise. 

9.3. Material choice 
Confidential, see separate document. 

 

 


