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Abstract 
Swerea KIMAB has invested in a new and improved thermal spray technique, High Velocity 
Air-Fuel (HVAF). This has recently been introduced to the market given that the technical 
properties, costs and performance of the technique is still not thoroughly investigated and 
covered. An examination of these areas was therefore necessary to examine appropriate uses 
for the new technology. The investigation aimed to indicate how the new technology 
compares with established technologies in some areas in terms of performance and cost but 
also if there are any entirely new applications that the technology enables. 
 
In addition, there is also considerable uncertainty what the market for the new technology 
looks like today, and what it can be developed into. The market of thermal spraying is limited 
today. This entails that there is a great interest to investigate the preferences and requirements 
companies have to consider when choosing this new technology in favour of an old one. It is 
also of great interest to investigate what skills and support companies’ requests in order to 
venture into this new technology. 
The aim with the work was to answer two research questions: 

 What are possible business cases for the HVAF technology from a technical as well as 
an economical point of view? 

 What initiatives are necessary to get more companies and applications into the thermal 
spray business? 

The methods used for the master thesis were empirical studies, benchmarking, interviews, a 
survey and logical discussions. 
 
The report presents an overall knowledge bank for the most commonly used thermal spray 
technologies, compared with regards to characteristics and cost. As a result of the new 
features that the HVAF technology offers suitable application areas for the technology were 
identified through the work, such as high temperature corrosion protection.  
As a result of the survey the work also identified the general lack of knowledge about thermal 
spraying as the main obstacle to get more companies into using the technology. 
 
Key-words: High Velocity Air-Fuel (HVAF), Thermal Sprayingpray processes, 
Review, Implementation. 
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Sammanfattning 
Swerea KIMAB har nyligen investerat i en förbättrad teknik för termisk sprutning, High 
Velocity Air-Fule (HVAF). HVAF-tekniken har nyligen introducerats på marknaden och de 
tekniska egenskaperna har därmedinte undersökts grundligt eller jämförts med egenskaperna 
för befintliga termiska spruttekniker. Arbetets syfte var att belysa hur och var den nya HVAF-
tekniken kan konkurrera med etablerade tekniker på områden i form av prestanda och 
kostnad. Undersökningen syftade även till att utreda om den nya tekniken kan medföra helt 
nya applikationsområden. En genomgång av befintliga tekniker var till en början nödvändig 
för att i slutändan kunna identifiera lämpliga användningsområden för HVAF-tekniken. 
 
Det finns en stor osäkerhet kring hur marknaden för HVAF ser ut idag, och hur den kan 
komma att utvecklas. Själva marknaden för termisk sprutning är i dagsläget begränsad, vilket 
innebär att det finns ett stort intresse kring att undersöka vilka önskemål och krav företag 
ställer på HVAF-tekniken för att den skall kunna konkurrera på marknaden. Utöver tidigare 
nämda delar av arbetet syftade det även till att identifiera vilka kunskaper och vilket stöd 
företagen önskar vid en eventuell övergång till termisk sprutning generellt. 
Följande forskningsfrågor har besvarats i arbetet: 

 Vilka nya användningsområden möjliggör HVAF-tekniken för sett ur en teknisk och 
ekonomisk synvinkel? 

 Vilka initiativ är nödvändiga för att öka användandet av termisk sprutning inom 
industrin? 

Empiriska studier, benchmarking, intervjuer och en enkätundersökning var de metoder som 
användes för arbetet. 
 
I rapporten presenteras en övergripande kunskapsbank för de vanligaste termiska 
sprutteknikerna, vilken omfattar en jämförelse av egenskaper och kostnader. Lämpliga 
användningsområden för HVAF-tekniken har identifierades och presenteras i rapporten. 
exempelvis som skydd mot höga temperaturer, korrosion och abrasion. 
Allmän brist på kunskap om termisk sprutning har identifierats som det främsta hindret mot 
ökad användning av tekniken i dagsläget. 

Nyckelord: Termisk Sprutning, HVAF, Översikt, Implementering.  
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1. Introduction 

In the introduction, the background and over all objectives of the work will be described as 
well as the delimitations made during work. At the end of the first chapter the disposition of 
the work is also presented. 

1.1 Background  

Thermal spraying is a group of directed melt-spray processes that uses heat and high velocity 
to accelerate finely divided molten or semi molten particles onto a substrate. The material can 
be of virtually any kind and the heat source is usually a combustion flame, plasma jet, or an 
arc stuck between two consumable wires. The deposit is built up by the particles that hit the 
surface which flatten out and form thin "splats". The splats build up and forms a lamellar 
structured coating (Fauchais, Vardelle & Dussoubs, 1999; Albert, 1999; Herman, Sampath & 
McCune, 2000).  
 
Today, thermal spraying is a method that is not very widespread in Sweden despite the 
benefits that the technology can offer (Ducos & Durand, 2001). There are wide ranges of 
possible applications both within manufacturing of new products and on repair of components 
where the technology can improve the functionality in form of increased corrosion resistance, 
improved resistance to abrasion and thermal protection to highlight a few of the possibilities.  
 
New and improved thermal spray techniques have recently been introduced to the market. 
These should have the potential to open for new technical possibilities and introduce new 
areas of possible use in coatings of materials. Investigations are, however, needed to identify 
suitable business cases. 
Research have previously been conducted at Swerea to identify what properties different 
thermal spray processes can enable and what influence these properties have on areas such as 
corrosion and high temperatures. The next step is therefore to identify applications that can be 
considered suitable to the characteristics that have been obtained, both by the research 
previously conducted at Swerea but also to results that can be identified by similar research 
performed by others. 
 
One example of similar research conducted within the field of thermal spraying is the article 
"Thermal spraying for cost reduction and efficiency" (Bell, Eng & Weld, 1983) where a 
number of profitable application areas for thermal spraying are identified. But the previously 
conducted research does however not include the HVAF technology and the potential that this 
technology enables. 

1.2 Swerea KIMAB 

Swerea KIMAB is Sweden's oldest industrial research institute - founded in 1921 by Carl 
Benedicks and Axel Wahlberg. The organization creates commercial benefits for members 
and other customers with the aim to strengthen the competitiveness and innovation capacity of 
businesses in Sweden. Swerea KIMAB is owned by the industry and the Swedish government 
and the organization offers applied research, development and education, mainly in the 
materials, manufacturing and corrosion areas (Swerea, Online). 
Swerea KIMABs activities in the surface technology and corrosion protection areas have 
resulted in an interest in the new spraying technologies.  
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The business strategy at Swerea is to provide research expertise that will work as an 
complement to the knowledge that the clients possesses and in that way allow the customers 
to achieve their development goals more quickly and cost effectively. The work that Swerea 
performs extends from long-term strategic research projects to product and process 
development. But they also work as qualified research resource for the industry for short-term 
problem solving as well as on contract basis (Swerea, Online). 

1.3 Problem definition 

A new and improved thermal spray technique, High Velocity Air-Fuel (HVAF), have recently 
been introduced to the market thus technical properties, costs and performance of the 
technique have still not thoroughly been investigated and covered. An examination of these 
areas is therefore necessary to examine appropriate uses for the new technology. The 
investigation should indicate how the new technology compares with established technologies 
in some areas in terms of performance and cost but also if there are any entirely new 
applications that the technology enables.  
 
In addition, there is also considerable uncertainty what the market for the new technology 
looks like today, and what it can be developed into. The market of thermal spraying is limited 
today. This entails that there is a great interest to investigate the preferences and requirements 
companies have to consider when choosing this new technology in favor of an old one. It is 
also of great interest to investigate what skills and support companies’ requests in order to 
venture into this new technology. 

1.4 Objective 

The main objectives in this master thesis are: 
a. To compile a source of knowledge and compare the performances of the new HVAF 

technology and established technologies in field of thermal spraying with focus on 
 Technical features of both the processes and the properties of the coatings. 
 Cost calculations of investment- and production costs. 

b. To identify and give recommendations for new applications and business cases due to 
 New properties of the process. 
 Improved and more favorable economic conditions. 

c. To perform a market research in the field of thermal spraying 
 To investigate what is necessary to develop and provide in order help existing 

users expand their business or to get new users into the field of thermal 
spraying in terms of information, knowledge and support. 
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1.5 Research questions 

The research question is divided into two separate and complementing questions. If 
thoroughly examined and answered the result can provide information about new market 
opportunities for the technology in question. 

1. What are possible business cases for the HVAF technology from a technical as well as 
an economical point of view? 

2. What initiatives are necessary to get more companies and applications into the thermal 
spray business? 

1.6 Delimitations 

Since Swerea KIMAB's primarily focus is to strengthen the domestic industry this study was 
primarily performed with focus on Swedish enterprises, and the benefit to Swedish industry.  
 
Initially, the investigation of finding new applications was adapted to the equipment 
specification used in the HVAF system that Swerea uses today. This was done in order to 
highlight ideas that can be verified to provide benefits and examples of application areas for 
the industry. 
 
This study will not take into account what production strategy the firm in question has chosen 
to apply since this is a too extensive area to consider within the scope of this work.  
 
Information included in the theoretical compilation of thermal spraying was limited by the 
timeframe on this work. In addition to the areas that will be presented, there are areas that 
have an impact on the technical characteristics of the technology. To name a few; the choice 
of process gas and the material will have a huge effect on the coating quality. 
 
Some other delimitations was made due to limited time frame of the project. However, those 
would possibly have contributed to a broader picture and deeper understanding of the field of 
study. 

 A theory section that explains how companies analyze and plan for 
investments in new processes. 

 A section describing how market research is carried out. 
 A part that describes alternative technologies that is available as a substitute to 

thermal spraying with pros and cons. 
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1.  Introduction  

The  introduction  describes  the  background  to  the  thesis  as  well  as  the  overall  goals  
and  objectives  of  the  project.      

2.  Methodology  

Theories  and  models  used  in  the  work  are  presented.    

3.  Theory  

The  theory  section  highlights  what  the  thermal  spray  market  looks  like  today  and  what  
barriers  that  prevents  the  technology  from  growing  further.  It  also  includes  key  
implementation  factors  of  new  technology.    

4.  Overview  of  Thermal  Spraying  

The  overview  of  thermal  spraying  describes  what  thermal  spray  techniques  that  are  
currently  used  today  and  what  is  characteristic  for  these  techniques.  It  also  presents  a  
comparison  between  the  different  techniques.    

5.  Cost  comparison  of  selected  processes  

The  cost  comparison  of  selected  processes  presents  a  price  data  collection  for  the  
most  common  thermal  spray  technologies  on  the  market  as  well  as  general  
estimations  of  prices  for  different  methods.    

6.  Result  discussion  
    -‐  Implementation  factors  survey  

The  content  of  the  result  discussion  –implementation  factors  survey  presents  the  
results  and  analysis  of  the  data  obtained  from  the  executed  survey.    

7.  Concluding  discussion  

In  the  concluding  discussion  identified  business  areas  and  solutions  to  the  formulated  
research  questions  are  presented.    

8.  Overall  reflection  of  the  study  

Reflections  of  the  work  along  with  recommendations  to  Swerea  and  suggestions  for  
further  studies  are  presented.          

1.7 Disposition 

The report is structured according to the chronological order in which the work was 
performed. Following disposition was used throughout the master thesis work.  
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2. Methodology 

This chapter aims to explain how the study has been conducted and why certain methods have 
been chosen. This includes both the theoretical and empirical part of the report. 

2.1 Scientific Approach 

According to Collis and Hussey (2009) all research rest on two main research paradigms, an 
interpretivistic paradigm and a positivistic paradigm. The work conducted in this study can 
however not be argued to follow any of these scrupulously, but have to be considered as 
something in between the two. This means that both qualitative and quantitative methods 
were used to collect the information and fulfil the aim of the thesis. The qualitative 
information was collected with the intention to present a more general understanding and in to 
depth knowledge about the area of thermal spraying, whereas the strictly statistical and 
quantitative data was used to be able to present objective and unbiased information. 
 
The methods used to collect this information were surveys, empirical studies, interviews and 
logical discussions. 

2.2 Source of knowledge 

Thermal spraying is a relatively specific and complex process. This is the reason why so 
many areas are introduced in the theoretical framework. All of these areas are necessary in 
order to understand what can or cannot turn the technology into a new business opportunity. 
At first information was gathered within the existing body of knowledge. A critical review 
was performed before compiling a resume of the area of thermal spraying, to further on be 
able to fill the gap of knowledge in the form of summaries and comparisons between 
techniques. 
 
A larger picture and understanding of the different theoretical parts of thermal spraying was 
apprehended by interviewing researcher from the University West (HV), which is the leading 
institute of thermal spray techniques in Sweden. This has especially been a great help in 
orientating within the field of thermal spraying and its complexity. There are many different 
areas and factors important to grasp in order to understand the technology and how different 
factors can affect the final result. 
 
The literature used in this study consists mainly of scientific articles, reports and books. But 
in order to collect all the information necessary to conduct the compilation and the 
comparison of techniques some information was also collected from sources such as the 
organization ASM International and leading companies within the industry such as Sulzer 
Metco. 
 
Even though the field of thermal spraying is a narrow field the theoretical framework had to 
look into a broad technical area to find information needed for the study. The scientific 
articles are considered as to be of greater value to this study due to the their actuality within 
the specific area, but for the mentioned reason books and reports from companies within the 
field have also been used in order to provide an understanding of the basic concepts and the 
broad scope of the subject. However, focus was set on peer reviewed articles due to its strong 
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reliability, in comparison to other types of literature not usually critically reviewed to the 
same extend. 

2.3 Data selection 

The data collection was conducted by using several methods. This section aims to explain 
what choices were made in order to make the selected methods reflect the area of 
investigation in the best way suitable. 

2.3.1 Interviews 

Qualitative studies are usually used to provide a new deeper knowledge in certain areas or 
subjects. These kinds of studies are usually conducted with a small group of people who can 
provide detailed information about the topic (Collis & Hussey, 2009).  
 
The interviews conducted in this study have had the primary function to grasp the area of 
thermal spraying. They have been conducted with the aim to help navigate through the 
existing literature, get information about what is important, how the mechanisms are 
combined and what factors that is essential in order to review the subject. 
 
To be able to obtain this information semi structured interviews were used with pre-
formulated questions. The questions served as an introduction and a support for conversation. 
The questions were developed from the literature that initially was read in order to understand 
the subject. 
 
To get a good understanding of the subject and ensure that the report maintained a high 
validity, the interviewees were selected with great care. For this reason the interviews was 
held exclusively with leading researchers within the field of thermal spraying. All interviews 
were held-face-to face and the structure of the work was documented and discussed to avoid 
misunderstandings. Below follows a list of the people interviewed in this work: 
 

 Per Nylén, prof, University West 
 Christophe Lyphout, PhD, University West 
 Nicolaie Markocsan, PhD, University West 
 Tag Hammam, PhD, Swerea KIMAB  
 Stefan Björklund, Development engineer, University West 

2.3.2 Survey 

The purpose of the survey used in the master thesis was to help Swerea KIMAB identify what 
factors companies struggle with at the investment in technology both in terms of investment 
decisions and implementation challenges. The aim for Swerea KIMAB was to gain better 
knowledge about the investment decisions and implementation challenges. The survey used to 
answer this study can considered to be of a descriptive character which according to Collin 
and Hussey (2009) have the function to provide an accurate representation of the phenomena 
at a certain point in time. The survey was designed in a quantitative way with carefully 
selected questions in order to collect information about users and the market. This was made 
with the aim to grasp the advantage that the questionnaires can bring which is to reach out to a 
wide range of people and create a statistical ground to the investigation (Collis & Hussey, 
2009). 
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The questions was made based on existing research performed in a comparable field, 
conducted by Hans Engström and Alexander Kaplan, Luleå University of Technology (LTU). 
Their survey is in turn based on a study conducted in Germany in ILT in Aachten 
"Laseranwendungen in der Production". The research was originally conducted with the 
intention to identify key decision factors when investing in laser technology. The original 
questionnaire has been worked through to accommodate the area of thermal spraying. The 
changes have mainly been carried out in the technical areas where thermal spraying is 
different from laser technology. Overall the questionnaire have been adopted to better 
correspond to the article "Thermal Coatings in Europe: a prospective business" by Ducos and 
Durand (2001) in order to be able to make comparisons between this survey and the article. 
To get feedback on the questions and to provide an opportunity to make adjustments in order 
to obtain desired information from the survey, a first test round was distributed to members of 
the Swedish Welding Commission expert group, AG 42c within thermal spraying 
(Svetskomissionen, Online). The final version of the questionnaire was compiled in a Web 
application provided by Netigate (Web survey, online survey software, Online) and then 
distributed to the respondents by email. 
 
An important factor when using a survey is the selection of the respondents; a better selected 
and analysed target population results in that a better and a more accurate analyse can be 
obtained. Since it is difficult to identify and distribute the questionnaire to the whole 
population, it might be more practical to send the questionnaire to a sample of the population. 
Sometimes it is important that the sample reflects the population. It is then practical to select a 
sample composed of a percentage downscaled model of the population, which then creates a 
thumbnail of the intended population (Collis & Hussey, 2009). 
 
This would obviously be preferable with an additional equally large group of potential users, 
but since there is no record of who uses thermal spraying or not, and what equipment they 
have access to this survey was sent out to the members of the Swedish Welding Commission 
expert group, within thermal spraying. But it was also sent out to selected companies which 
are members of Swerea where the technology can be considered as applicable. In total, the 
questionnaire was distributed to 207 companies. 

2.3.3 Benchmarking prices 

To achieve a high reliability of a benchmarking analysis, the data should be collected from 
multiple sources (Collis & Hussey, 2009). In this case the information was gathered from 
customers who recently invested in thermal spray equipment. The information might be 
influenced by the size of the company from which the information is received, as well as their 
negotiation situation towards the dealer. 
 
To achieve a high reliability of a price comparison, factors that affect the production should 
be specified. This includes for example application, quality, the number of units which should 
be produced and more. The price of, for example fuel and powder, will to a high degree vary 
due to the quantities purchased and the quality needed on the products. Taken the different 
factors into consideration a price calculation will however be greatly affected by the size of 
the product intended to be coated. It is therefore difficult to calculate and compare final costs 
if no specific product is specified. Instead of looking at a specific product, this study has 
focused on finding number of costs for kilogram/hour of a specific coating. From this, 
calculations can be done on cost/hour if the praying is done optimally or cost/m2. This was 
done in order to get an indication of coating costs of different thermal spraying techniques.  
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2.4 Validity and reliability 

According to Collis and Hussey (2009) validity is the extent to which the research reflects the 
phenomenon that is studied. To give this work a good validity, the survey conducted in this 
work builds on the work previously conducted by a professor and a doctor at LTU, which 
gives the questions a good validity. This also applies for the technical overview of thermal 
spraying where areas have been discussed and validated as appropriate by researchers at 
Swerea and HV. 
 
Reliability refers to how trustworthy the information is. This means that the information 
should have small differences if the study would be repeated later on (Collis & Hussey, 
2009). To secure the reliability of this report the information have been gathered from books 
and secure sources such as published articles as to greatest extend. The reliability has also 
been considered when selecting interviewees, focusing on Sweden's most prominent 
researchers whiten the subject where both doctors and a professor are represented. 
The research strategy for this study is carefully chosen to fit the subject and to make sure the 
study meets the specified aims for the thesis.  
 
The number who responds to a survey will have a significant impact to the reliability of the 
results. The reason for this is that at a low number of respondents may include a certain target 
group that for some reason chooses not to answer the survey and that the opinion therefore not 
is reflected in the results. Reasons for this may for example be that you do not see any interest 
in technology and therefore choose not to answer or that the survey do not answer any 
problem that the respondents currently experiences. This is however difficult to control, but 
the corresponding rate of respondents in order to achieve a reliable result decreases by and 
increased number of distributed surveys (Collis & Hussey, 2009). Therefore the survey was 
sent out to as many companies suitable to answer the questions as possible. What type of 
information companies are willing to share and the questionnaire itself may also be limiting in 
themselves. Depending on the response these factors will result in different opportunities for 
analysis and may become a limiting factor. 
 
To assure a collection of reliable price information was gathered from various companies, but 
a collection from even more companies would have been preferable. The data collected in this 
study are from relatively small companies that have either an experimental activity or 
relatively limited industrial production. This means that lower prices may be obtained by 
companies with a more extensive production where larger quantities are consumed. 
 
The methodology used in this study could be applied to a similar study in another area given 
that the questions regarding the technology are reconstructed to reflect the area of research. It 
should however be added that the purpose of this study was to develop a more comprehensive 
picture whether the thermal spray technology is able to create a wider market. This means that 
it is not considered to be used for creating a more in-depth market analysis. If so, a more 
detailed investigations should carried out where the market is mapped in a more detailed way 
to create a result with a high reliability 
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3. Theoretical framework 

The first part of the theory section presents an overview of the thermal spray market, 
including some of the factors which make the business of thermal spraying to what it is today.  
 
One of Swerea’s aims as a research institution is to provide assistance and expertise to 
companies when it comes to new technology, where thermal spraying is a recently introduced 
field. The second part of this theory section therefore deals with factors important to observe 
when it comes to implementing new manufacturing technologies. This section has also been a 
good complementary information in the understanding of and work with the study survey. 

3.1 Market overview of thermal spraying 

Relatively little research seems to have been conducted with regard to market and future 
prospects of thermal spraying. One studies have however successfully been identified from 
Europe and should be able to give a little information about strategic necessities for the future 
development of thermal spray industry. Other studies conducted in the field seem to be more 
focused on describing the current status and in what areas and applications thermal spraying is 
applied on in that region today (Vuoristo & Nylén, 2007; Tani & Nakahira, 1992; Fukumoto, 
2008). This means that little research is focusing on how to commercialize and expand the 
usage of thermal spraying. As indicated by Ducos & Durand (2001) thermal spraying is a 
small and specific but very complex industry in terms of how the different suppliers, 
applications and different players are connected. Unlike in China and other parts of Asia, 
where growth is very good thanks to the rapidly growing industrialization (Fukumoto, 2008), 
Europe today have problems to maintain an attractive growth rate due to difficulties to 
identify new application areas and specific applications. The three main reasons for this 
growth reduction have been identified as Structural, economic and technical (Ducos & 
Durand, 2001). 

3.1.1 Structural barriers 

Issues that are brought up are for instance that the European market is not unified. Instead the 
market is divided into clear geographical divisions that create a big complexity to an already 
small total market. With regard to areas such as Corrosion protection and wear protection the 
process industries and small OEM's often rely on smaller regional companies. This means that 
the job shops have problems getting adequate size where they can increase their value 
proposition to their customers. This also causes problems with financial capabilities to invest 
in efficient and up to date technology. They have problems to keep up to date with the 
technology development and are often too isolated in the supply chain to push for new 
applications (Ducos & Durand, 2001). This results in that businesses; unlike in other 
industries have a tendency rely on material/equipment manufacturers in a too large extent 
when it comes to new developments. Another problem that is also brought up is that 
independent R&D conducted in the area does not seem to focus enough on the applications 
and market needs, but focuses mainly on the optimization of materials, characteristics and the 
largest in-house shops or end-users. This means that little of the knowledge which exists is 
focusing and transferred to the smaller job shops (Ducos & Durand, 2001).  
 
Attention is also drawn to the fact that the market with a few exceptions does not understand 
the potential of thermal spraying offers. This is however something that seems to be noticed 
in the Scandinavian countries where the Swedish Welding Commission has established a 
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working group for thermal spraying where this is one of many issues that are raised. Also in 
Finland has a Thermal Spray Club recently been started with the aim of spreading pre-
commercial information and improve the general image of thermal spraying (Vuoristo & 
Nylén, 2007).  

3.1.2 Economic barriers 

Economic barriers that have been identified indicate that the technique having trouble to break 
into new areas largely due to the cost structure as thermal spraying results in. The extensive 
cost of the material is a very significant factor, which in many cases is the contributing factor 
to why the technique is not economically viable. Another factor is also the extensive costs of 
post treatment, which can be a significant part of the overall costs. These are seen as major 
contributing factor to why the technology sometimes has problems to be profitable in 
comparison with other techniques (Ducos & Durand, 2001). 
 
More Life Cycle Cost calculations, which are rarely used in the evaluation of thermal 
spraying, are believed to be an important factor in finding new wear applications, especially 
within the process industries where these costs in many cases can be very extensive. 

3.1.3 Technical barriers 

Thermal spraying has as all other technologies limitations. In comparison to many other 
technologies thermal spraying coating are very thick, they create strong bond in hard facing 
but also produce substantive set of pores, and an uneven surface.  
 
Ducos and Durand (2001) observe that the industry has in many cases been working to get rid 
of these instead of using the properties as something positive.  Example of this may be to 
utilize the porosity to the creation of lightweight materials, filters or low friction surfaces, 
create hybridization thermal coatings and other surface engineering techniques and more 
(Ducos & Durand, 2001). It is also suggested in the study that the industry should exploit the 
unique properties arising from the thermal spraying and let these properties become the key to 
new application areas (Ducos & Durand, 2001). 
 
But it also sheds light on the importance to take advantage of the development that has taken 
place in the area over the past decades. It is stated in the article that finding new application 
fields for these breakthroughs is important for the further development of thermal spraying 
industry (Ducos & Durand, 2001). 

3.2 Implementation of new technology 

Investments in new technologies have in recent years become a more and more significant 
factor for companies to remain competitive on the market (Small & Yasin, 1997; 
Sambasivarao & Deshmukh, 1995; Kutay & Weiss, 1992; Meredith, 1988). The life time of a 
product is shorter and higher demands in terms of quality and competitive prices are required. 
As a result of this it has become important for companies to monitor the progress on the 
market, and that they in an efficient way can implement the techniques that in turn provides a 
competitive position in the market (Godwin & Ike, 1996; Sambasivarao & Deshmukh, 1995; 
Kutay & Weiss, 1992; Meredith, 1988). 
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Many studies have been conducted to develop a selection and implementation process of new 
production techniques. However, studies investigating the problems and pitfalls that might 
arise before, during and after implementation have also been conducted. This has especially 
been made in advanced manufacturing technologies (AMT) and flexible manufacturing 
systems (FMS) due to its complexity (Godwin & Ike, 1996; Sambasivarao & Deshmukh, 
1995). Although the implementation of specific manufacturing technologies are not quite as 
complex, they require yet in many cases to take into account the factors related to the AMT, 
or FMS (Sambasivarao & Deshmukh, 1995). 
 
Previous studies show that a major problem with new manufacturing equipment is that it does 
not perform to their full potential (Sambasivarao & Deshmukh, 1995). Typical factors to 
influence this include technical, financial and organizational problems. 
 
It is natural that manufacturing firms meets problems when implementing new technologies. 
According to Mohanty (1993) a successful implementation requires that the company is aware 
of and understand the issues that might arise from the introduction of new production 
methods.  
 
It is important to pay attention to and carefully evaluate the method of production to see 
whereas it is in line with the company’s manufacturing strategy. Thus, it is of great 
importance that the technology fits into the existing production system and that the method is 
well adapted to the production, i.e. that all components are custom to existing production 
volume and cycle time.  
 
To illustrate the areas where companies are experiencing problems during implementation, 
researchers have divided those into different configurations. Trying to illustrate these, a 
summary has been done by Sambasivarao and Deshmukh (1995) as presented in Figure 1. The 
factors listed in this section are adopted from their study and builds on the extensive 
compilation of implementing issues that they have collected through the existing literature in 
the field. 
 

 
Figure 1. A classification of implementation issues (Sambasivarao & Deshmukh, 1995) 
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3.2.1 Implementation issues 

Implementation issues have long-term implications for the organization as a whole and so it is 
necessary to consider the effects of AMT on the organization. The various issues referred to 
by the researchers are expanded below. 

3.2.2 Tangible attributes / Economic issues 

The economic issues are organized into three different areas. These areas include cost 
calculations of the new technology as well as monetary terms and economic benefits of the 
implementation. 
 
Pre-production costs 
The company has to consider and calculate on pre-production costs. This includes cost prior 
to the actual start-up of the production. Examples mentioned include investments in new 
constructions, new land, equipment, infrastructure and other facilities. 
 
Direct production costs 
This area discusses costs that are directly linked to the production site. These costs are usually 
granted the most weight by researchers, and it has a main effect on the company profitability.  
Inventory, manpower, operating, and direct material costs are some factors that are included 
and will act upon financial issues of the firm. Even though the examples are discussed in 
regards to the complexity of the AMT it can probably be assumed that the implementation of 
a new process will influence the same type of issues. It is therefore of great importance to 
consider those factors. 
 
Indirect production costs 
Indirect production costs arise as a result of the start-up of the production site and 
maintenance. It is deemed to include for example, train and educate the personal, preventive 
maintenance and spare parts, collateral labour costs as well as maintenance costs for utilities 
etc.  

3.2.3 Intangible attributes 

According to Sambasivarao and Deshmukh (1995, p.47) Intangible attributes are the 
indirect/direct factors are generally not quantifiable. However, their relative importance may 
be analysed using multi-attribute decision-making approaches. These issues include human, 
social, strategic and technological issues. Thus, manufacturing firms will face large-scale 
issues when implementing AMT. 
 
Human issues 
When introducing new manufacturing equipment the workers play an important role whether 
the implementation will be successful or not. An important factor is therefore the ability to 
succeed in engaging the personnel in the strategic decisions. Researchers have identified 
following sub-issues. 
 

 Employee co-operation  
The ability of the staff to collaborate and help driving implementation forward 
is critical to whether an implementation is a success or not. To increase this 
motivation, it is important that the employee is given opportunity to participate 
in the work that being carried out and that they also are getting a good 
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technology awareness through technical training. This leads to greater 
understanding and trust among the staff.  

 
 Employee morale/motivation  

To reach a higher degree of motivation and sense of morality and attitude 
towards the project among the employees, following factors are also important. 
Any potential problems for the worker shall be acknowledged and acted upon. 
This may include the personnel feeling safe, have good ergonomics and 
comfort as the new technology is introduced. It is also important that the 
employees feel that they have responsibilities and are upgraded when it comes 
to knowledge about the technology. But it can also apply to motivate the 
employees through incentive programs and to get them involved in the 
implementation by paying attention to and take advantage of their opinions.  
 

 Employee relations 
The relation between the employees and the company plays a significant role. 
The factors to be included are, among other things, how satisfied employees 
are with their current working condition and that they have a secure form of 
employment. However, factors related to other issues such as safety working 
conditions, ergonomics and other work place conditions are also important to 
consider. 

 
Social issues 
Social issues are very important to address since it is something that greatly affects those who 
have a connection to the company. Factors that are addressed in this review are: 
 

 Customer satisfaction 
To be able to maintain a competitive edge it is important to satisfy the 
customer. For this reason it is curtail that the products produced with the new 
equipment keep a good quality that fulfill the expectations that the customers 
got on the product. 
 

 Working environment 
For workers to keep a high productivity, it is important that they maintain good 
health. For this reason it is important that the factors that might affect this 
negatively are considered when new technology is implemented. A poor 
working environment increases the risk of lowering morale and thus 
productivity. Factors to be taken into consideration to maintain a good 
productivity include: to eliminate safety and health hazards, provide a good 
working environment with good hygiene clean air and water as well as a good 
lighting. It is also important to consider the physical activities that are required 
and to keep systems as user friendly as possible.  
 

 Ecology 
Manufacturing processes can cause many different types of ecological issues in 
which solid waste is the most obvious one. But there are also other issues less 
obvious like air, water and noise pollution which can become big problems and 
should be considered when introducing new technologies. In addition also the 
consumption of natural resources should also be taken into consideration. 
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Strategic issues 
As mentioned before, the strategic issues are of great importance when considering 
implementation of a new technology as it means major consequences for the organization 
over the long term. The new process has an impact on both manufacturing and overall 
strategy. The most highlighted factors by the researchers are;  
 

 Finance position. 
Sambasivarao and Deshmukh (1995) noticed difficulties connected to 
economic status. Following shows the markets believe in the company’s 
opportunities in the financial market. Can the company render the investments 
they need? Does the investment follow the company’s long term plan? What 
are the income sources for the company capital budget? 

 
 Government policies. 

Government policies might have a major impact related to costs for transport 
options, power supply and raw material, and might also affect factors related to 
import/export benefits etc.  

 
 Management development. 

Management practice might have a major impact on the growth of the 
company and is an important question to consider when implementing a new 
technology. Management development includes questions regarding education 
and staff development, assessment of the workforce and planning of required 
staff. The ability to assimilate and exchange existing knowledge in the area 
from other people/industries working in the area through conferences and other 
forums is also important.  

 
 Market position.  

To succeed with the manufacturing firm it is necessary to attract the market. 
Some key factors are the ability to be aware and act upon changes in the 
market. Have different kinds of products with competitive costs and dare to 
enter new markets.  

 
 Research and development. 

R&D is also an important element for the company to keep developing and 
maintain competitiveness. Following factors must be considered;  
Produce and rapidly launch new products. Constantly improve the quality of 
the product as well as actively work with factors that can keep the prices down 
and make improve to the manufacturing facilities.  

 
 Technology position.  

To obtain the technology position the company must have a mix of products 
and be sensitive in the price setting of the products. They also have to be 
updated to the requests of the customers and compete on the market. 
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Technological issues 
These are issues that affect the possibility to improve the productivity of the manufacturing. 
This is an area that is important to take into consideration due to the changed markets requires 
a flexible manufacturing. 

 Hardware 
The selection of hardware to a new production system is a critical factor in the 
implementing process. The selection, installation and integration with the rest 
of the process are all factors that can become problems in the process if it is 
not carried out in the right way. It is important to find equipment that fits into 
the facility in a smooth manner. Prior to the acquisition of the new equipment 
the following operation aspects should be carefully considered to avoid 
problems later on in the process: 
Does the new hardware provide an adequate flexibility? 
Is the configuration of the hardware corresponding with what is needed?  
Will the new hardware fit into the existing system in a satisfying way?  
Is the cost of the project within the investment capacity? 

 
 Software 

The software to operate the processes have today become very advanced and 
critical part of the operation. To avoid future problems, it is therefore 
important that the new software meets all the demands placed on today's 
systems. It is also important that the systems are flexible for future 
modifications. But there are more aspects that are important when it comes to 
the software. It is important to check if the software is compatible with existing 
systems or if changes are required. But also that sufficient skill exists to handle 
and run the software. 
 

 Flexibility 
It is important that the equipment are flexible enough fulfill the demands 
imposed on the manufacturing. It is also important that changes that may occur 
later is considered in order to avoid large expenditures. The following elements 
of flexibility can occur and should be taken into consideration when the 
deception is taken: volume, routing; material handling; labor; parts; machines; 
process; quality; delivery; sequencing material; operation; and design. 
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4. Overview of Thermal Spraying 

One of the main contributions of this master thesis is to gather and provide an updated review 
of the most commonly used thermal spray techniques on the market. The review is intended to 
present how the technologies works, what gives the coating its structure and how this affects 
the properties of the coatings, what characteristics these methods presents and what new 
characteristics the HVAF technology brings. 
 
A comparison of the different processes will then be presented in order to identify possible 
benefits of the HVAF technology compared to other thermal spray techniques. This would 
also help to find appropriate application areas and possible business cases for the HVAF 
technology. 

4.1 Thermal spraying 

Thermal spraying is a group of processes that is used to apply metallic or non-metallic 
coatings onto a substrate. This is done with the purpose to create wear-resistant, corrosion-
resistant layers or to create an electrical- or thermal isolation. The process can be used both to 
repair worn-out parts or within production of new components (Weman, 2003). The processes 
are grouped into four major categories; flame spraying, electric arc spraying, and plasma arc 
spraying (Davis, 2004). The methods are used to heat the material used for the coating, which 
is presented in wire, rod or powder form to a melted or semi melted state. The material is then 
propelled as individual particles or droplets onto a surface by a compressed gas stream (Davis, 
2004; Albert, 1999). A schematic picture of the process can be seen in Figure 2. When the 
particles hit the surface they flatten and form thin "splats". The splats build up and form a 
lamellar structure that becomes attached to the irregularities of the surface. This bonding can 
be mechanical chemical, metallurgical or a combination of these (Albert, 1999). The 
properties of the coating will not be homogenous and it will contain a certain amount of 
porosity usually between 0-10% by volume and in the case of sprayed metals the coating will 
also contain oxides and inclusions. The properties of the coating are dependent of the thermal 
spray process, the parameters of the processes, what feedstock material that is used and the 
post treatment of the coating. 
 

 
Figure 2. The principle of thermal spraying (Sulzer Metco, Online). 
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4.1.1 Characteristics of Thermal Spray Coatings 

Thermal spray processes are using a chemical (combustion) or electrical (plasma or arc) 
reaction to melt, or soften a material which then accelerates the particles to a speed in the 
range of 50 to >1000m/s. The high speed and temperature of the droplets results in a 
deformation of the droplet as it hits the surface. This creates a lamellar pattern of splats that 
adapts to and adheres to the surface. The flame-melted particles are ranging from 10µm to 
100µm and creates splats that are thin ~1-20µm and cools at a very high rate >106K/s. This 
creates a very fine-grained polycrystalline coating (Davis, 2004; Herman, Sampath & 
McCune, 2000). 
 
The tensile strengths for a thermal sprayed coating are usually 10 to 60% of the result from a 
cast or wrought material. This depends on what thermal spray process that are used and what 
levels of oxides and deposits densities that the processes can achieve. In a process where the 
atmosphere is controlled the strength can be up to ~60% of possible theoretical measurements 
for the material but requires a heat treatment to achieve results approaching 100% (Davis, 
2004).  
The physical characteristics and the properties of the coatings are mainly a result of the 
material-impact conditions, namely, temperature and velocity. The substrate roughness, 
wettability and oxidation also play an important role when it comes to metals. The 
microstructure and properties of the surface has also been shown to be influenced by the 
temperature of the substrate and thereby making it a key variable (Herman, Sampath & 
McCune, 2000).  
 
The imperfections that can occur as a result of these factors, as seen in Figure 3, will have a big 
influence on the properties of the coating for example, the elastic module, fracture strength, 
thermal conductivity, electric and dielectric effects. Oxides and porosity are, however, 
desirable in certain applications where these properties can be of great advantage. Oxides may 
increase the wear resistance and hardness of the material, but can also provide lubrication. 
Despite these advantages, it is important to control the amount of oxides generated in the 
surface layer when it also has the ability to cause undesirable characteristics. An excessive 
amount of oxides can result in cohesive failure and hence lower wear resistance, or a 
reduction of the corrosion resistance. To control this it is important to take into consideration 
what material, process, and process parameter that is used to control the oxide content and 
make sure that the right levels and structure are achieved. 

 
Figure 3. Thermal spray coating showing the common features and microstructure (Sulzer Metco, Online). 
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4.1.2 Oxides 

Oxide inclusions are usually seen as black phases that appear parallel to the substrate in a 
cross-section of the coating these oxide phases called stringers are produced by particle and 
atmosphere interaction and heating of the coated surface during deposition. The oxide and 
nitride film occurs on the surface when the hot surface reacts with the environment, usually 
air. A longer dwell time and a higher temperature lead to a thicker layer of oxides and nitrides 
on the particles which in turn results in higher concentrations of oxides contained in the 
coatings. 
 
The best ways to minimize the inclusions according to the ASM handbook (Davis, 2004) are: 

 Avoiding a reactive atmosphere by using inert gas or a chamber in order to protect 
process. 

 Reducing the heat from the spray process and thereby lowering the temperature of 
the particles. 

 Reduce the dwell time by minimizing the distance to the surface and increase the 
velocity of the process. 

 Optimize the powder particle size since this affects the surface to volume ratio, 
and thereby minimizes the overall oxide content.  

 Reduce the temperature of the substrate/coating surface. 

4.1.3  Pores 

In addition to the oxidation level in the material it is important to control porosity. This is a 
factor that depending on the application may be either desirable or something that you want to 
avoid. In applications where the tribological properties are desirable the porosity can provide 
lubricating oil films. Thermal barrier made by oxide ceramics is also an area where the pores 
helps increase the insulating properties, and within biomedical implants it facilitates healing 
where the porosity allows tissue to grow together with the implant. However, these are 
exceptions and in most cases the porosity is something that should be avoided (Davis, 2004).  
 
Since the porosity is such an important feature in the coating it is important that the 
appearance is well understood and controlled. According to the ASM handbook (Davis, 
2004), the sources of pores are: 

 Shrinkage of the material as the material cools down.  
 Unmelted, partially melted or resolidified particles which causes line-of-sight 

voids 
 Shading from surfaces near the coating 
 Porosity initially embedded in the feed stock materials from the manufacturing 

process 
 Narrow spray angles which leads to the walls that coverers the substrate 
 Separation of splats due to poor cohesion 

 
To control the amount of porosity in the coating it is important to control to what degree the 
particles are melted. This is done by controlling: 

 The enthalpy distribution within the jet and the trajectory of the particles.  
 The particle size and size distribution 
 The properties of the particles such as morphology and thermal properties 
 Jet and gas properties 
 The dwell time of the particles 
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4.1.4 Dwell time 

To explain the characteristic of a powder spray process in a simplified way it can be explained 
as a high-speed heat treating where the parameters affecting the process is time, temperature 
and mass. The objective is then to get the powder mass to a given temperature over a given 
time period (Davis, 2004). The time the particle spends in the process jet is called the dwell 
time. It is controlled by the gas velocity determined by the total gas flow that travels through 
the nozzle and the properties of the powder particles that is defined by its size morphology 
and mass. This results in the temperature of a particle becoming a function of enthalpy, 
velocity, trajectory, as well as the physical and thermal properties of the particle itself (Davis, 
2004).  
 
The gas temperature is highly dependent of the process itself but also by the choice of fuel, 
oxygen- air to fuel ratio and pressure in the combustion zone (Davis, 2004). The temperature 
and velocity of the flame is also varying in both axial and radial way. Figure 4 illustrates the 
particle trajectory and how this leads to a spread of different dwell times and temperatures 
(Davis, 2004). 
 

 
Figure 4. Particle dwell time (Davis, 2004). 

 
Shortly, the particles are injected trough the thermal jets and accelerated and heated by the 
distribution of temperatures which occurs in a jet flame. The temperature and velocity of the 
particles are determined of the trajectory of the particle and the accelerating force of the 
process. Higher jet velocity normally gives higher particle velocity and higher enthalpy gives 
the particles a higher average temperature. The higher particle velocity normally generates a 
higher impact energy leading to higher kinetic energy. The amount of kinetic energy is what 
determines the particle deformation meaning that a higher kinetic energy results in higher 
deformation, stronger bonding’s and higher coating densities (Davis, 2004). 
An increased particle velocity results in a shorter heating time of the particles. In turn, a 
shorter heating time can lead to the percentage of unmelted particles in the coating is 
increased. However, the reduction of the particle heating is not only negative. The reduction 
may also lead to a decrease in the amount of oxide inclusions. 
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There is one exception when it comes to the definition of dwell time. For the electric arc spray 
process it is differently defined. The electric arc process melts the wires into droplets by 
passing a current between them. What distinguishes this process from other thermal spraying 
processes is that the temperature begins to decrease after the particles leaves the arc zone. 
This means that an increased dwell time unlike other processes decreases the particle 
temperature since it is only accelerated and not heated during this time (Davis, 2004). 

4.1.5 Splats 

A splat is the definition of an individual droplet/particle after its impact with the substrate 
seen in Figure 5. These splats are what create layers by overlapping and binding to each other 
and thus creating a coating. A splat is created when the accelerated melted particle hits the 
surface. The particle then spread out and quickly become solid. Thermal spraying is 
characterized by the very high cooling rates, which comes as a result due to the great 
difference in volume between the substrate and the particle. This results in cooling rates 
usually between 105-108 C/s (Davis, 2004). 
 

 
Figure 5. A typical splat after impact (Davis, 2004). 

 
The extremely rapid cooling rates results in the formation of different material structures. 
Something that is characteristic of thermally sprayed coatings is the emergence of two distinct 
structures, splat structure and intra-splat structure. Splat structures arising within each splat 
normally results in grain sizes less than 5µm this also prevents the material to reach their 
equilibrium phases and becomes anisotropic. This implies that most of the thermally sprayed 
coatings receive similar properties in their x- and y-planes i.e. the planes parallel to the 
substrate face, while the coatings receives entirely different properties in the z-plane 
perpendicular to the plane surface (Davis, 2004). 

4.2 Coating adhesion mechanisms 

The bonding between the thermally sprayed coating and the substrate is very complex. On a 
microscopic level, it is mainly four different types/mechanisms of bindings that generate the 
adhesion to the substrate; abruptly-, compounding- and diffusion interface and mechanical 
interlocking Figure 6 (Lyphout, 2011). 
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Figure 6. Different coating/substrate interfaces (Lyphout, 2011). 

 
What actually creates the bonding between the coating and the substrate is a super-positioning 
of these four bonding mechanisms. Therefore it is very difficult to fully understand the 
structure of the bonding and how it can be controlled. It is further complicated by the fact that 
different mechanisms are more or less depending on the combination of process and material 
used (Lyphout, 2011). 
 
The mechanical interlocking has historically been seen as the dominant binding mechanism in 
thermal spray coatings. Mechanical locks are created when the surface of the work piece 
contains negative cavity which the molten material can fill out and thus create locking’s to, or 
irregularities in the surface that the particles surrounds when they contract as they cools off. 
This means that cleaning and grit blasting of the surface is a very important step in order to 
create strong bonds between the coating and the substrate (Davis, 2004; Lyphout, 2011). 
 
At the high-velocity methods such as HVOF, HVAF and Cold spraying with partially melted 
or non-melted particles this phenomenon is however less significant and other bonds are 
believed to have a larger effect. In these methods, it is believed that the higher impact forces 
causes the particles to be pressed closely against and deform the surface which leads to that 
Van der Waals forces is created between the surface and the particles. In usage of same or 
similar materials in both the coating and the substrate localized diffusion and intermetallic 
compounds also can occur as bonding’s. The tensions that arise in the contact zone due to 
these bindings may also contribute to increased adhesion between the bonding and the 
substrate (Lyphout, 2011). 

4.3 Different methods 

The thermal spray processes are usually divided into four main categories as illustrated in 
Figure 7: Plasma arc, electric arc, flame and kinetic spraying. Each category has several 
subcategories with their own characteristics and properties of temperature, enthalpy and 
velocity. This implies that the processes produce very different results and that the coating 
produced by the processes also has very different characteristics in terms of strength, pores 
and inclusions. 
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Figure 7. Thermal spray classifications with focus area marked in orange (Davis, 2004). 

4.3.1 Flame spraying 

Process description 
Flame spraying uses the chemical energy from the combustion of different fuels to power the 
process. The process uses burning oxygen in combination with various fuel gases such as 
acetylene, propane and propylene to generate a flame with sufficient heat to melt many 
metals, plastics, and certain ceramics. The flame spraying is divided into two distinctive 
groups: 

 Wire spraying 
 Powder spraying 

 
A characteristic image over the two different processes is shown in the Figure 8 and Figure 9. 
 
When powder is used in flame spraying the powder is fed either from a container attached to 
the pistol or from an external container. When the container is attached on top of the gun, 
powder is fed by gravity and the ejector effect from the gas flame. If a separate container is 
used the powder is provided through a carrier gas stream. The powder is then melted and 
propelled at the work piece by the flame. In some applications the process also uses 
compressed air to transport the molten powder to the work piece.  
 
When the material is provided in the form of wire (metals and alloys) or a rod (ceramics) the 
material is continuously fed through a ring of gas flames. The gas flame melts the material 
and droplets/particles are accelerated toward the work piece with the help of compressed air 
(Davis, 2004; Champagne, 2007). The particles usually travel at a speed of 50-300 m/s 
depending on the design of the process.  
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Despite the fact that the process produces coatings with a lower quality, the process is suitable 
for many applications because of its low processing cost, its mobility and does not require an 
advanced equipment (Champagne, 2007). 
 
Coating Characteristics 
The coatings from the flame spraying process tend to be more porous and less dense than 
coatings from other processes that use more energy and thus create higher particle velocities 
(Champagne, 2007). The coatings usually also results in layers with several percent of the 
oxides witch is a result from the reaction between the molten metal, the oxygen in the ambient 
air (Champagne, 2007). 
 

 
Figure 8. Schematics of the flame spraying (Wire) process (Sulzer Metco, Online). 

 

 
Figure 9. Schematics of the flame spraying (Powder) process (Sulzer Metco, Online). 
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4.3.2 Electric arc spraying 

Process description 
Unlike other thermal spray processes which use a gas jet to heat the particles, the electric arc 
spraying uses a direct current electric arc between the two consumable electrodes to generate 
a direct melting of the wires as illustrated in Figure 10. The two consumable electrodes are fed 
continuously together, creating a melt. To atomize the molten material and transport it to the 
work piece, a high velocity air jet is used which is positioned behind the intersection. Usually 
the airflow vary between 0.8 - 1.8 m3/min (Davis, 2004). The particles are already melted 
when they are being accelerated by the jet. This means that the particles start being cooled 
immediately after they leave the arc zone. This is a big difference from other processes where 
the particles are heated from the jet. This means that the only way to protect the molten 
particles from oxidation is to create short dwell times, use short distance between the nozzle 
and the work piece, and use high atomizing air flows.  
 
Since the heat from the individual particles is the only heat transferred to the substrate in the 
electric arc process, the process transfer the least amount of heat to the work piece of all the 
thermal spray processes using a flame or a jet.  
 
The size of the particles sprayed is a function of the parameters used in the process. The 
particle size increases, if the current increases, voltage decreases, air pressure / flow decreases 
and as the wire size increases. 
 
The process is limited to the use of materials that are conductive and can be formed into 
wires. However, since the introduction of cored wires other materials may be added to the 
process by filling the core of additional material powder. 
 
Coating Characteristics 
The coatings produced by electric arc spraying can vary greatly depending on process 
parameters. Usually, the splats are however thicker, and the size varies more than with other 
processes. The amount of oxides is also higher than at any other process and the coatings 
sometimes includes particles, which have had time to solidify before they hit the surface, 
which can be compared to unmelted particles in other processes. 
 
The fact that the process does not heat up the work piece much gives it an advantage to other 
processes when the temperatures must be kept low. This results in that the process can be used 
for coating of e.g. polymers, wood and paper as well as metallic and glass substrates (Davis, 
2004). 

 
Figure 10. Schematics of the electric arc spraying process (Sulzer Metco, Online). 
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4.3.3 Detonation spraying 

Process description 
Detonation spraying is a process which makes use of a gun barrel with a combustion chamber 
at one end as Figure 11 illustrates. Acetylene and oxygen are fed into the combustion chamber 
together with the powder and is ignited by a spark allowing the mixture to explode. The 
released energy melts the powder and the blast wave accelerates melted particles onto the 
work piece. The tube is then flushed with pure nitrogen before the process is being repeated. 
This implies that the process is intermittent at a frequency of 3 to 6 Hz (Davis, 2004; GTS - 
Association of thermal sprayers, Online). The process generates particle velocities reaching 
supersonic velocities up to 1200m/s. The very high particle velocities have been proven to 
increase the particle deformation, which in turn leads to stronger bonds and less porosity. 
(Davis, 2004; Balan & Bapu, 1987) 
 
Coating Characteristics 
Despite the high process temperature of about 3500 C, the work piece is not greatly affected, 
but can be kept below 100 C. This means that changes in the microstructure of the work 
piece can be eliminated (Balan & Bapu, 1987). The coatings produced by the Detonation 
spraying process is of very good quality and has been for a long time, why it often has been 
used as reference standard among the thermal spraying processes (Fauchais, Vardelle & 
Dussoubs, 1999; Davis, 2004). The coatings are exemplary regarding bond strength, 
durability, low porosity and low levels of oxides. The high quality, which the process enables, 
is much due to the protection the melted particles receives from the protective gas inside the 
barrel and the reduced dwell time (Davis, 2004). 
 

 
Figure 11. Schematics of the detonation spraying process (GTS - Association of thermal sprayers, Online). 

4.3.4 Plasma arc spraying 

Process description 
Plasma arc spraying is considered the most complex and flexible of all thermal spray 
processes (Davis, 2004). The conventional plasma spray process is normally called air plasma 
spay (APS), and the most common method is the direct current (DC) plasma arc spraying 
illustrated in Figure 14 (Davis, 2004). During the process, fuel gas is fed through an arc 
between a tungsten electrode and a copper nozzle. This heats the gas to a degree where it 
breaks down into ions and electrons, with means that it has turned into a plasma state 
(Herman, Sampath & McCune, 2000). The transition into plasma results in a very high gas 
expansion both axially and radially. This transformation results in high flow velocities of the 
plasma jet as it exits the torch. This results in subsonic or supersonic jet velocities depending 
on the nozzle design. The process typically uses a converging/diverging de Laval nozzle to 
increase the jet speed or a design that deliberately decelerates the plasma to increase the dwell 
time of the particles (Davis, 2004). Even the choice of fuel and process settings affects the 
speed generated by the process. The additive material is fed into the plasma where it is melted 
and accelerated toward the work piece. Typically, the process uses inert gases such as argon 
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or nitrogen with a mixture of helium or hydrogen as fuel (Champagne, 2007). Extreme 
temperatures of up to 20 000 C can be reached, whereas the heating region powder range 
from about 6 000 to 15 000 C. This is controlled by the choice of gas properties and the 
electrical breakdown structure (Davis, 2004). Figure 12 shows the enthalpy of the most 
commonly used plasma gases which corresponds to the heating potential that a gas can 
generate at its plasma state (Davis, 2004). Commercial plasma guns are presented in a wide 
range of different designs where they usually operate in the range of 20 - 200kW. The high 
currents and high generation of heat in the process requires advanced cooling system with 
high pressure to reduce the wear rate the equipment is exposed to (Davis, 2004). 
 

 
Figure 12. Enthalpy values as a function of typical plasma spray gases (Davis, 2004). 

Various options of supplying the process with powder have also been developed; this can be 
done internally axial, radial internally or externally radially. The method used is something 
that affects the heating/melting of the particles to a great extent and thereby affects the quality 
and properties of the sprayed layer. The choice of how to add the powder particles also affects 
which path the particles travel through the various zones of the plasma jet, which means that 
the final velocity and dwell time is affected. The factors that influence this include particle 
size, mass, injection velocity and direction, an example of different particle trajectories is 
shown in Figure 13 (Davis, 2004). 
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Figure 13. a) Different temperature areas in the plasma spray jet. b) Particle Trajectories (Davis, 2004). 

Vacuum plasma (VPS) and Low-pressure plasma (LPPS) 
Important designs of the plasma spray are the VPS and LPPS, both these processes are 
performed in a vacuum chamber with an atmosphere of relatively low pressure of inert gas. 
The absence of air and other reactive gases enable coatings with very low levels of oxidation 
since the melted material does not react with the atmosphere. This procedure to create a 
protective atmosphere is very complex, which makes the process suitable only for very 
specific and high-performance applications (Champagne, 2007). The processes use a 
conventional plasma spray gun with a nozzle modified to the low pressure inside of the 
vacuum chamber which is between 0.1 to 0.5 atm. The low-pressure allows the plasma to 
expand more, which generates higher velocities. At the same time the inert atmosphere allows 
higher substrate temperature to be used without increased oxidation. This enables more dense 
coatings with better adhering and less oxidation than with the ASP process (Champagne, 
2007; Herman, Sampath & McCune, 2000; Davis, 2004) 
 
Coating Characteristics 
Thanks to the relatively high particle speed and the high degree to which the particles are 
melted, plasma spraying creates coatings with a high quality in relation to many other thermal 
spray techniques. Depending on equipment, material properties and process parameters a 
porosity between <1 up to 40% can be accomplished depending on what features desired from 
the coating (Davis, 2004). Strong adhesion is also achieved due to the high particle velocity. 
The inert gas plasma also helps contribute to a low oxide content compared to many other 
thermal spray processes, even if the ambient atmosphere to some extent is mixed into the 
protective gas and influences the coating. 
The oxide levels can be further reduced if the process is protected with help of VPS or LPPS. 
These two methods can create almost oxide-free layer with extremely high densities that are 
close in on what is theoretically possible. The layers contain low residual stresses and can 
create a film thickness up to 25mm.  
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Figure 14. Schematics of the plasma spraying process (Sulzer Metco, Online). 

4.3.5 Cold spray 

Process description 
The cold-gas dynamic-spray process often referred to as “cold spray” is a kinetic spray 
process that utilizes a supersonic jet of compressed gas to accelerate the particles to speeds 
normally between 300 to 1200 m/s (Davis, 2004; Hermanek, (n/a); Paryrin et al, 2007). The 
process uses small particles (1-50µm) which is accelerated towards the substrate by the jet of 
compressed gas. The cold spray process uses a gas pressure of about 30bar that is accelerated 
trough the convergent/divergent DeLaval nozzle (Grujicic et al, 2008).  
 
The mechanism of how the particles are deformed and bond to the substrate is today not fully 
understood as mentioned in the section coating adhesion mechanisms (Davis, 2004; Grujicic 
et al, 2008). However, it is thought that the powerful collision disrupts the surface oxides and 
enables a bonding trough the high interfacial pressure and temperatures that occurs (Davis, 
2004; Grujicic et al, 2008). This hypothesis is also in good agreement with the fact that 
ductile materials works fine to use with cold spraying, while hard and brittle materials has 
failed to impose without using a ductile matrix material. 
 
The process is based on a combination of velocity, particle temperature and size of particles in 
order to be able to keep the temperature of the process down and prevent the particles from 
reaching the melting point (Champagne, 2007). The process is optimized trough changes in 
the nozzle geometry and the gas pressure which is regulated trough the preheat gas 
temperature. In addition to this the sprayed feed stock particles with factors such as the 
distribution size of the particles, oxide layers and the mechanical properties also largely affect 
the process (Davis, 2004).  
 
The fundamental difference between the cold spray process and other conventional processes 
is however the fact that the process is working with preheat temperatures in the range of 0-

 (Champagne, 2007), a temperature that is usually below the melting point of the 
sprayed material. As a result of the low temperature the oxidation that normally is caused by 
high temperature is minimized or eliminated. The same applies for evaporation, melting, 
recrystallization, residual stress, debonding and other undesirable properties that occurs when 
the particles reaches a melted state (Davis, 2004). The low preheat temperature however 
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results in that the particle velocity (Vp) becomes particularly important. If the Vp is too low 
for the substrate/coating combination the particles bounces of the surface and fails to 
procedure a deposit as shown in Figure 15. Very high particle velocities can also result in 
particle erosion a phenomenon similar to shot blasting of surfaces. The aim is therefore to 
exceed to the critical velocity Vcr (a velocity which is different for each material combination 
between the particle and substrate) in order for the particle at impact, to plastically deform 
and bond to the surface (Davis, 2004; Champagne, 2007). 
 

 
Figure 15. Correlation between particle velocity and deposition efficiency (Gärtner et al, 2006). 

A typical cold spray gun is shown in Figure 16. The process gas is supplied through a control 
module that leads the gas through a heater and a powder-metering device. The preheating of 
the gas is done using a coil of electrically resistance-heated tube. The process makes use of 
nitrogen, helium, air, or combinations of these. The nitrogen is the gas to prefer for this 
process since it makes it possible to spray materials without promoting oxidation. It is also 
less expensive than helium. The nitrogen cannot create as high process pressures why helium 
is to recommend for materials that require higher particle velocities (Davis, 2004).  
 
Coating Characteristics 
The deposition of materials is highly dependent on what materials and what process 
parameters that is used. The gas composition, temperature, and pressure are proven to have 
big effects on the deposition rate and can vary as much as between 16-95% (Paryrin et al, 
2007). The process parameters are also highly affecting the microstructure. This results in 
variations in the mechanical and thermal properties (Davis, 2004). For example, the gas 
temperature was proven to have a significant impact on hardness and the elastic modulus of 
the coating (Davis, 2004).  
 
Cold sprayed also typically produces coatings with better tensile properties than other thermal 
spraying processes. This occurs due to the significant work hardening which the material is 
exposed to. This causes not only favourable characteristics in the material but also leads to 
that the material get very low ductility (Davis, 2004; Champagne, 2007).  
The process is otherwise usually suitable to use when oxidation wants to be avoided since the 
particles are not heated enough to react with the surrounding oxygen. The low particle 
temperature also results in low residual stresses, unchanged material properties and high 
conductivity meaning that electricity and heat easily can travel through the coatings 
(Champagne, 2007). 
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Figure 16. Schematics of the cold spraying process (GTS - Association of thermal sprayers, Online). 

4.3.6 High Velocity Oxy-Fuel Process (HVOF) 

Process description 
The HVOF (High Velocity Oxygen Fuel) process illustrated in Figure 17 is to some extent 
similar to detonation spraying. Both processes have an internal combustion but unlike 
detonation spraying the HVOF process are continuous, which means that a constant pressure 
is created inside the HVOF gun (Zeng et al, 2008; Fauchais, Vardelle & Dussoubs, 1999). 
The method operates by the high volume gases that are fed into the combustion chamber and 
ignited, creating very high pressures that are accelerated through the nozzle and leaving it at a 
speed of up to 1 500-2 200 m/s (Davis, 2004; Zhang, Andersson & Östberg, 1995). This is 
done by using fuel gases such as hydrogen, propane and propylene combined with oxygen 
which results in jet temperatures between 2 500 to 3 100 C (Davis, 2004). The powder is 
introduced to the process by being mixed with a carrier gas and injected into the jet. The 
powder is then heated by the hot jet flame and accelerated toward the substrate at supersonic 
speeds (Fauchais, Vardelle & Dussoubs, 1999). As a result of this process design the particle 
heating and the efficiency transferred by the process is enhanced by an extended dwell time 
(Davis, 2004).  
 
Due to a relatively low particle temperature in the process some particles might not melt. Non 
melted particles are usually a source to pores in the coating. But to the HVOF process this is 
not a huge problem since the high particle velocity helps deform the particles at impact and 
enables high coating densities. This is possible since the high kinetic energy during impact is 
transformed into heat which enables a plastic deformation (Davis, 2004).  
 
Coating Characteristics 
The high particle velocities generated by the HVOF process has been shown to correspond 
with an increasing coating density and adhesion to the substrate (Davis, 2004). This enables 
the process to produce coatings that are comparable with the ones from the detonation gun 
process. The density, adhesion and oxide content level is favourably comparable with for 
instance the high energy plasma process. The porosity is typically >1%. The process also 
enables the user to regulate the compressive stresses in the coatings to some degree which is 
favourable in most applications (Davis, 2004). 
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Figure 17. Schematics of the HVOF process (Sulzer Metco, Online). 

4.3.7 High Velocity Air-Fuel Process (HVAF) 

Process description 
The high velocity air-fuel process (HVAF) is a relatively new technology. The process 
characteristics are similar to the HVOF but in contrast to this method the HVAF process uses 
a mixture of compressed air and fuel gas in the combustion process. This enables the HVAF 
process to expose the particles to less heat. Instead of heating the particles, the new process is 
limiting the heat input to less than 1 300 C, to compare with temperatures over 1 600 C for 
HVOF (Zeng et al, 2008). This enables the process to spray materials that are sensitive to high 
heat input.  
 
The HVAF process illustrated in Figure 18 first mixes the compressed air and fuel gas 
(propane, propylene or natural gas) in the first gun chamber. The mixture then enters the 
combustion chamber where the combustion process is activated by the high temperature 
catalyst back wall. The high chamber temperature keeps the air-fuel combustion process 
stable and generates a high velocity jet. The powder is introduced into the process axially 
trough the hot back wall with nitrogen as a carrier gas (Verstak & Baranovski, 2004). The 
process is started by an ignition provided by internal electric spark plug. The gun is air-cooled 
and no other gases or pilot flames are needed for the system operation, which in turn keep the 
total operating costs down (Verstak & Baranovski, 2003). The process also uses a secondary 
combustion process, which is located between the first and second nozzle. This second 
combustion results in that the particle speed is further increased and that the temperature of 
the particles can be better controlled. The first combustion is however the primary source of 
the particle spray energy (Verstak & Baranovski, 2003). The important factors to control 
during this process is the choice of fuel, the length of the nozzle as well as the amount and 
concentration of gas injected in to both the primary (input chamber) and secondary (in-die) 
process (Verstak & Baranovski, 2003).The result is also affected by the powder size and it is 
important that it correlates with the temperature and velocity since the size affects the density 
and oxidation of the coatings (Zeng et al, 2008). 
 
HVAF process creates a jet with a velocity of Mach 2 to Mach 3 which accelerates the 
particles to a speed typically over 700 m/s. This speed has been reported to provide a good 
adhesion strength and a low porosity in the coating (Zeng et al, 2008). The process provides 
for spray rates up to 25 kg/h without reducing the quality of the coatings (Verstak & 
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Baranovski, 2004; Verstak & Baranovski, 2006).The deposition efficiency for HVAF process 
is according to Verstak & Baranovski (2004) in the ranges of 58 to 65%. The deposition 
efficiency can however be decreased if the particle size is too large or if the powder feed rate 
is too high (Verstak & Baranovski, 2004; Zeng et al, 2008).  
 
The HVAF process also offers the ability to blast the product before the actual spraying is 
performed, something that might eliminate the need to buy a separate blaster facility. 
However, this is only advantageous if the production rate is low enough so that the blasting 
operation can be performed between the coatings. 
 
Coating Characteristics 
Due to a high particle velocity the HVAF process produces coatings with low porosity and 
good adhesion strength (Zeng et al, 2008; Verstak & Baranovski, 2003). The low heat input 
also contributes to a good control of the oxide content in the coating. At standard spraying 
conditions the total oxygen content in the HVAF coatings can for some materials be kept 
below 1% (Verstak & Baranovski, 2003). The coatings have been proved to receive high bond 
strengths where values above 65-75MPa have been measured against metallic substrates 
(Verstak & Baranovski, 2003). However, if the temperature of the particles is much lower 
than the melting point of the material, the kinetic energy might become insufficient to deform 
the particle. This can result in decreased bond strength and a lower density (Zeng et al, 2008). 

 
Figure 18. Schematics of the HVAF process (Verstak & Baranovski, 2004). 
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4.4 Comparison of thermal spray processes 

The focus of this comparison is to examine how the HVAF process can compare against the 
most common thermal spray methods. Since the today commercially most commonly used 
thermal spray techniques have very different process characteristics which can be seen in 
Figure 19 where the particle temperature and the particle velocity is presented. This 
dispersion is a major contributing factor to why the various methods create coating of such 
diversified quality. It is also the reason why it is impossible to easily and fairly compare these 
methods and say that one process is generally better than another. 
 

 
Figure 19. The process described by the particle temperature Tp and the particle velocity Vp (Gärtner et al, 2006; 

Verstak & Baranovski, 2003). 

As shown from the comparison of the thermal spray methods studied in previous section the 
HVAF will not be able to compete in those cases where the application can be satisfied with a 
coating of a lower quality, due to the very large price difference that exists between the 
different methods. For this reason, it is easy to understand that the HVAF process must find 
its areas of application where the focus on lies on high quality coatings. As an example this 
can be applications where damaged parts can cause a blockage in the production with massive 
production losses as a result, where the product requires high quality to operate or in cases 
where high quality coatings can reduce the total life cycle cost of the product (Bell, Eng & 
Weld, 1983). 
 
The large differences between the methods is something that can be clearly seen in the overall 
Table 1 with typical values of process characteristics, quality of the coating, consumption, 
etc.. Typical values mean that the values in the table can be viewed as an indication rather 
than fact. This is due to the fact that one process depending on the model, process gas, 
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elsewhere the powder is injected into the process and so on, will change the process 
characteristic. 
 
The large variation in the process characteristic also means that the methods have very 
different conditions for spraying various materials. The ceramics requires very high 
temperatures; cermet’s a little less heat and some metals can be sprayed with very low heat 
but then requires high particle velocities instead. This results in that the most processes are 
best suited for coating an interval of materials suitable to the temperature and speed range that 
the process is operates within. Due to these reasons and to be able to conduct a more detailed 
comparison a delimitation for future work will here be introduced. 
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4.4.1 Delimitation 

As mentioned earlier the focus on this comparison lies on the HVAF process. The technical 
comparison will due to the previously mentioned reasons; large differences in process 
characteristics, price and quality, be limited to the processes that in these areas are more 
similar to the HVAF process.  
 
For this reason the further study will be restricted to focus on the three "High Velocity" 
thermal spray processes: 

 HVAF 
 HVOF 
 Cold spray 

 
The reasons why these methods have been chosen is the fact that they all produces coatings of 
very high quality and they are the processes that have the most similar process characteristics 
in terms of particle temperature and particle velocity as illustrated in Figure 20. 

4.4.2 Technical comparison High Velocity thermal spray processes 

As seen from the previous tables and figures, these methods also differ significantly from 
each other in terms of process description, temperatures, velocities and cost etc.  
 
These differences are however something that seen over the last decades shows a trend of 
being less substantial. This is due to the development of the HVOF process where the heat 
input is lowered and higher velocities are achieved. And within the Cold spraying where 
higher gas temperatures is achieved through the preheating of the gas with lower particle 
velocities as a result. When the development of these three processes is presented in a Figure 
20, a clear trend can be shown that the processes are approaching each other in a way where 
the characteristic are promising for HVAF technology. This is further supported by the 
planned development of the HVOF and Cold spray processes that according to Sulzer Metco, 
producer of both systems, this indicates that the development will continue. 
 

 
Figure 20. The trend for high velocity thermal spray processes. 
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Even though the development is gradually moving towards more similar process 
characteristic, the fact remains that these three methods still have a range within which they 
are best suited to produce coatings. This is also one of the reasons why a certain processes are 
better suited to create coatings of some specific materials. This can in a simplified way be 
illustrated by the energy a material requires to be coated versus the energy that a specific 
method can provide in terms of kinetic energy and thermal energy Figure 21. 
 

 
Figure 21. Required energy for coating formation (Klassen, Gärtner, Schmidt & Kreye, 2007). 

Aluminum 
HVAF process has shown itself well suited to spray coatings of aluminum. The method has in 
contrast to both the cold spray and HVOF a relatively high deposition rate and also shows a 
good adhesion to the substrate Table 2. The HVAF and Cold spray also produces coatings 
with a low porosity in relation to HVOF process.  
 
Table 2. Characteristics of thermally sprayed aluminum (Internal report, Swerea; Chow et al, 2002). 
Spray  method   Unit   HVOF   HVAF   Cold  spray  
                        
Deposition  efficiency     (%)   -‐	   85-‐90	   90-‐95	  

Deposition  rate     (kg/h)   1.56	   8.6	   1.5-‐5	  

Porosity   (vol.  %)   8	   1	   0	  

Hardness     (HV  0.3)   -‐	   -‐	   -‐	  

Oxide	  	   (%)   -‐	   -‐	   -‐	  

Coating  adhesion     (MPa)   -‐	   >50	   28	  

          	  	   	  	   	  	  

 
Ni-based superalloys 
From the feasibility study performed and presented in Table 3 regarding thermal sprayed 
coatings with Inconel 718, positive results for HVAF technique are presented. 
 
Coatings sprayed with the HVAF process proves excellent adhesion that is up to 45 percent as 
high as for the HVOF process and 4 times as high as the levels reached for the Cold sprayed 
coating. The lower processing temperature that is obtained with HVAF and cold spraying also 
leads to lower oxidation values where the cold spray process produces coatings without any 
signs of oxidation (Lyphout et al, 2012). Lower levels of porosity was also reached for the 
cold spray and the supersonic version of the HVAF process while a higher porosity level was 
reached for the AC-HVAF process due to its lower particle velocity (Lyphout et al, 2012). 
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This study gives however no indication to what spray rates the processes can deliver. This 
should there for be further investigated in order to give an indication of where the different 
processes is suitable regarding to economic factors and not only with respect to the to the 
quality of the coatings. 
 
Table 3. Characteristics of thermally sprayed Inconel 718 (Lyphout et al, 2012). 
Spray  method   Unit   HVOF   HVAF   Cold  spray  
                        
Deposition  efficiency     (%)   -‐	   -‐	   -‐	  

Deposition  rate     (kg/h)   -‐	   -‐	   -‐	  

Porosity   (vol.  %)   0.5-‐1	   0.5-‐5.5	   ~2	  

Hardness     (HV  0.3)   Moderate	   Small	  	   None	  

Oxide	  	   (%)   400	   360-‐400	   460	  

Coating  adhesion     (MPa)   >80	  (110)	   >80	  (200)	   40-‐60	  

          	  	   	  	   	  	  

 
Characteristics of carbides coatings 
WC-Co coatings are known for their good wear resistance where due to the hard WC particles 
with a tough Co binder. HVOF are today the most commercially used method to apply the 
coatings. Due to the high temperatures of the process the powder tend to undergo detrimental 
decarburization which results in brittle phases such as W2C these phases’ results in a lower 
resistance to wear and high temperature corrosion (Kim et al, 2005; Verstak & Baranovski, 
2003). 
 
Trough tests it is though proven that these brittle phases can be avoided in the HVAF process 
due to the lower process temperature. This has resulted in higher wear resistance as well as a 
better corrosion resistance (Verstak & Baranovski, 2003; Verstak & Baranovski 2006). 
 
In research performed by Ang et al, (2011) it is also confirmed that high quality coatings of 
WC-Co has been achieved even with Cold spray, however, the study shows that a critical 
particle size that can be coated exists. If the particles are too large they will not create a 
coating. The coating shows good adhesion exceeding 60MPa which is in line with the layers 
that have been created with HVAF and HVOF shown in Table 4 (Watanabe et al, 2006). 
 
No data on the resistance to wear are presented for the Cold spray process in these reports but 
the hardness of the coatings in comparable with the ones from the HVAF and HVOF 
processes. Tests between HVAF and HVOF shows however that carbide coatings sprayed 
with HVAF shows higher resistance to wear as well as high temperature corrosion (Verstak & 
Baranovski, 2003). 
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Table 4 Characteristics of thermally sprayed WC-Co (Koborov, 2006; Watanabe et al, 2006; Armenakis & 
Bedeian, 1999; Paryrin et al, 2007). 
Spray  method   Unit   HVOF   HVAF   Cold  spray  
                        
Deposition  efficiency     (%)   40-‐64	   68	   -‐	  

Deposition  rate     (kg/h)   9-‐12	   26	   -‐	  

Porosity   (vol.  %)   -‐	   -‐	   -‐	  

Hardness     (HV  0.3)   -‐	   -‐	   -‐	  

Oxide	  	   (%)   -‐	   1010	   1225	  

Coating  adhesion     (MPa)   >80	   >80	   60	  

          	  	   	  	   	  	  

 
Other important factors for this comparison are the ones that determine how appropriate the 
respective processes are in various fields such as production. One of the great advantages with 
the HVAF process which have contributed to make it interesting is the fact that it does not 
require oxygen as an oxidant unlike the HVOF process; instead the process operates with air. 
This however requires a powerful and reliable compressor. The process also uses a passive 
cooling from the air instead of an external water cooling system.  
 
Advantages of HVAF 

 The high kinetic energy and relatively low thermal effect on the particles and 
substrate creates good adhesion and low porosity. 

 A balanced process with a limited melting of the particles results in a reduced level 
of oxidation in the sprayed coating. 

 The low gas consumption and high spray rate and high deposition efficiency 
creates low operating costs. 

 Requires no external cooling, however, a compressor. 
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5. Cost comparison of selected processes 

In this section the work process and the results obtained from the data collection will be 
explained and presented. The section also presents a general model from which prices for the 
selected thermal spray processes is calculated and presented. 
 
It is difficult to discuss the economics of thermal spraying without using examples where 
specific conditions are taken into consideration. The cost can vary a lot depending on the 
volumes that are used in terms of powder and gas as well as what kind of fuels that are used. 
Costs for the capital investment, installation costs, labor cost, material costs, costs that are 
dependent on what quality that has to be achieved, and what deposition efficiency the process 
can achieve with the specific material are all factors that have to be taken into consideration. 
These factors and more add up and make the result uncertain unless these variables are 
defined.  
 
However, to be able to get an overview of what prices the different methods can be assumed 
to generate in production, some cost calculations was conducted in this study based on prices 
from companies active in the thermal spray business. Note that the figures presented are not 
applied to a specific application but can be seen as general. For reasons described above, all 
the calculations in this section should be seen only as indication of approximately what prices 
that can be expected. The results from these calculations were also used in the investigation of 
suitable business areas for the HVAF process. 
 
The section is divided into the following parts: 

 Price data collection 
 General estimates of prices for the different methods 

5.1 Price information 

As mentioned above, prices have been collected from companies active in the thermal spray 
business. The businesses are middle sized companies and companies active within research, 
indicating that the prices collected can be considered as list prices if nothing else is claimed. 
This means that many of the prices listed in this report may become lower if bought in large 
quantities, therefore prices should only be viewed as an estimation and may vary 
considerably.  
 
Prices collected for consumables are presented in Table 5. Equipment and installation costs 
listed in Table 6. These have been collected by mail and telephone and are estimations for 
complete thermal spray equipment’s. Prices can however, be expected to vary depending on 
specification, configuration and manufacturer of the equipment. To make the prices useful 
both in this and in future comparisons, the same robot, soundproof booth, filter, electricity and 
installation costs was used where similar demands are placed on the equipment. Variations in 
gas prices was, however, taken into account since the large price difference as a result of the 
huge varieties in volumes otherwise would generate misleading information. The cost of a grit 
blasting equipment is something that was not included in this calculation since the cost will be 
the same for all the presented processes. The cost of that equipment should however be taken 
into account if the calculations will serve as a cost estimation for a specific application or 
production. This also applies for surface preparation, fusing, sealing, machining, grinding and 
other methods for surface finishing (American welding society, 1985). 
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In respect to those companies that have been contributing with prices, but also since the 
comparison is intended to help users to gain an overall picture of the prices and not to give 
advantage to any manufacturer, no names of manufacturers are being presented in this 
comparison. Companies are solely called Company A, B, C and so on. 
 
Company A  
The company is a big company active in the gas industry.  
 
Company B  
The company is a medium-sized distributor of consumables and equipment. 
 
Company C  
A medium-sized job-shop active in the thermal spray business.  
 
Company D  
A research institute active within thermal spraying. 
 
Company E  
A research institute active within thermal spraying. 
 
Company F  
A big company active within the oil and gas industry.  
 
Company G  
The company is a large distributor of thermal spray equipment and accessories. 
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Table 6. Price information’s. 
Item   Price   Unit  
              
Kerosene   11.71   (SEK/kg)  
Electricity   0.762   (SEK/kWh)  
Operator  cost   250  -‐  2803   (SEK/h)  
Material  Stainless  steel  18/12  (Powder)   3754   (SEK/kg)  
Material  Stainless  steel  18/12  (Wire)   1754   (SEK/kg)  
          	  	  
1  Prices  declared  from  Company  F  
2  SCB,  Small  industry  (Elpriser  för  olika  typkunder,  tidsserie,  Online)  
3  Prices  declared  from  Company  C  
4  Prices  declared  from  Company  B  
 
Gas and fuel prices 
A significant cost in some of the thermal spray processes are the gas and fuel costs. The prices 
for the specific gases used for the calculations were collected from Company A within the gas 
industry. These are presented together with the cost results in Table 6 & Table 7. Parameters 
that affect the price other than the volume usage mentioned earlier are distance from the 
supplier and how often the container is refilled. 
 
Addition costs for rental and delivery of bottles 
Rental price for one bottle is 4.93 SEK/day. If the process has a larger consumption an 
industry package of 12 connected bottles can be rented (10 for acetylene). The rental price for 
these bottles (12 0-50liters) is 65.53 SEK/day. At volumes greater than 7 000m3 the gas are 
usually delivered in liquid form, with exceptions of hydrogen and natural gas. Because of 
hydrogen’s extremely low boiling point (-253 C) it can only be delivered as gas. Natural gas 
however needs a yearly consumption greater than 1 000 000m3 to be cost efficient as 
delivered in liquid form, since the cost for the equipment to store liquid natural gas is much 
higher than for other gases. This means that, in larger volumes hydrogen are delivered in a 
package of 147 bottles, the same goes for large volumes of natural gas that do not exceed 1 
000 000m3. When the gas is delivered in liquid form a tank designed for liquefied gas is 
provided to a fee of 6 000 SEK per month. This tank will then be customized to the customer 
needs and is remotely monitored to optimize the delivery of gas. 
 
Additional fees will also be added for the delivery of the bottles which is 59 SEK per bottle 
and a flat fee of 399 SEK per delivery. The fee for the delivery is however included in the 
price when the gas is delivered in liquid form. Additional costs will also apply for long 
deliveries but this will not be taken into account in this comparison. 

5.2 Calculations of gas m3 prices 

Calculations of m3 price for different gases, both in gas form and liquid, was conducted in the 
study. Prices were calculated from collected data from the companies described above and 
typical consumption for the different processes which is presented in Table 6 & Table 7. The 
calculations can be seen in its whole in Appendix 1. 
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5.2.1 Gas unit prices  

Following are parameters used to calculate the price for one m3 of oxygen for given yearly 
consumption of 1 800 m3: 
 
Yearly consumption = 1 800 m3 
Recommended amount of bottles= 12 
Daily rent (of an industry package of bottle (12 -50liters)) = 65.53 SEK 
Gas price (one industry package) = 6 483 SEK 
Volume (one industry package) = 129 m3 
Cost for each delivery (flat fee) = 399 SEK 
Cost for each delivery (fee for each bottle) = 59 SEK 
Estimated discount (for the annual consumption of gas) = 30% 
 
Result of calculation: 57.2 SEK/ m3oxygen 
 

5.2.2 Gas liquid unit prices 

Following are parameters used to calculate the prices for one m3 of liquid oxygen for given 
yearly consumption of 27 000 m3: 
 
Yearly consumption = 27 600 m3 
Monthly rental cost (tank adopted to the consumption) = 6 000 SEK 
Gas price (m3) = 3.50 SEK 
Cost for each delivery (flat fee) = Included in the gas price 
Cost for each delivery (fee for each m3) = Included in the gas price 
 
Result of calculation: 6.11 SEK/ m3 liquid oxygen 
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Table 8. Total gas costs [m3] and values collected to conduct the calculations, for gases delivered in liquid form. 

Gas  in  liquid  form   Consumption        Price        Rent        Total  cost*       
     (m3/year)        (SEK/m3)        (SEK/month)        (SEK/m3)       
                                            
Oxygen   27  600        3.50        6  000        6.11       
     92  000        2.50  -‐  3.00        6  000        3.53       
Nitrogen   108  000        2.10  -‐  2.20        6  000        2.82       
Argon   12  750        15        6  000        20.6       
                                            
All  prices  collected  from  Company  A.    
*Calculated  in  the  report.    

5.3 Cost comparison example 

The calculations conducted in this section build on a general model presented by the 
American welding society (1985). The model was presented with the intention to help users 
calculate the cost for different applications and for different processes and could for this 
reason be applied in this work. The calculations conducted in this work were conducted with 
variables presented in table 9 and with the collected values from Table 5, 6, 7, 8 and 10. The 
model can also be used for future calculations based on actual prices and application, when a 
specific material, substrate, shape, process gas and so on are specified. 
 
The consumption, selection of process gas, spray rate and deposition efficiency are variables 
that depends on the material used for the coating. Since processes are better suited to spray 
specific types of materials and that they not always overlap other processes as previously 
illustrated in Figure 21, this cost estimation builds on typical values presented in Table 10. 
The values were collected through scientific papers, companies and information brochures 
from the manufacturers of the equipment. In the cases where a range of values was specified 
the mean value of the collected data was used.  
 
Prices per volume (SEK/m3) are those calculated in prior section of this study as summarized 
in Table 7 & Table 8. 
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Table 9. Definition of variables used to calculate the cost of a thermal spray coating. 
Symbol   Item   Unit   Source  
                   

C   Cost  of  the  coating   (SEK/m2  at  a  thickness  
of  0.25mm)   Equation  (4)  

Ce   Equipment  cost   (SEK/h)   Equation  (2)  
P   Spray  material  cost   (SEK/kg)   Table  6  
S   Spray  rate   (kg/h)   Table  10  
E   Equipment  operating  cost  per  hour   (SEK/h)   Equation  (1)  
d   Theoretical  density  of  solid  material   (kg/m3)   Handbook  

R   Ratio  of  coating  density  to  
theoretical  density   (Approximated  to  90%)   Average  value  

Sp   Cost  of  Spare  parts   (SEK/h)   Table  10  

v   Volume  of  1  m2  at  0.25mm  average  
thickness   (m3)   Calculate  

L   Labour  cost   (SEK/h)   Table  6  
D   Deposition  efficiency   (%)   Table  10  
K   Cost  of  coating   (SEK/kg)   Equation  (3)  

(P  x  S)+E  +Ce+L+Sp   Total  operating  cost   (SEK/h)   Calculate  
v  x  R  x  d   Coating  weight   (kg/m3)   Calculate  
S  x  D   Spray  material  deposited   (kg/h)   Calculate  

                   
 
 
Estimated and collected values used to calculate coating cost for the HVAF process: 
 
1 shift operation, 50 weeks/year, 5 days/week 8 hours/day, 75% utilization = 1 500 
Amortization period of 10 years 
Material cost, powder (table 6) = 375 SEK 
Material cost, wire (table 6) = 175 SEK 
Labor cost (table 6) = 265 SEK/h 
Gas consumption, Natural gas (table 10) = 9.9 m3/h  
Gas consumption, Nitrogen (table 10) =1.2 m3/h 
Carrier gas cost, nitrogen yearly consumption 1 875 m3 (table 7) = 59.7 SEK/m3 
Gas cost, natural gas yearly consumption 14 850 m3 (table 7) = 66.9 SEK/m3 
Spray rate (table 10) = 19.5 kg/h 
Typical deposition efficiency (table 10) = 67.5.5 % 
Electricity costs (table 6) = 0.76 SEK/kWh 
Air consumption (table 10) = 480 m3/h  
Electricity consumption (table 10) = 80 kWh 
Total equipment cost (table 5) = 3 212 TSEK 
Air cost included in electricity consumption cost and total equipment cost. 
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Cost Calculation: 
 
Equipment operating cost per hour (SEK/h): 
 

 = 	   + 	   + 	   	   + 	  
 Eq.(1) 

 
783 = (9.9 66.9) + 0 + (0.96 62.9) + 	   	   	   	   	   + (80 0.76) 

 
Equipment cost per hour (SEK/h): 
Calculated for 1 500 production hours per year and an amortization period of 10 years. 
 
r = Interest rate  
P0 = Loan's principal 
N = Loan's term 
 

 = (1 (1 + )  Eq.(2) 

 

272 = 0.05/1500
(1 (1 + (0.05/1500)) 3212000 

 
Cost per kg deposited material (SEK/kg): 
 

 = ( ) + + + +
 Eq.(3) 

 

660 = (19.5 375) + 783 + 272 + 265 + 50
19.5 67.5  

 
 
Cost of the coating per m2 with a thickness of 0.25mm (SEK/m2): 
 

 = ( ) + + + + [ ]
 

Eq.(4) 

 

1144 = [(19.5 375) + 783 + 272 + 265 + 50][0.00025 0.9 7710]
19.5 67.5  

 
A summary of the calculation for the HVAF technology above can be seen in Table 11. The 
cost per kg deposited material is 660 SEK/kg and the cost of the actual coating, per m2 with a 
thickness of 0.25mm is 1144 SEK/m2. 
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Table 11. A summary of the cost calculation for the HVAF technology. 
    

Cost   Unit  

HVAF      
Fuel  gas  /  Fuel   Natural  gas  
Process  Hardware   -‐  

     (Consumption/h)   (SEK/h)  

Consumables                          
    
  

Argon   0,0  SEK/m3   0,0   0  

Helium   0,0  SEK/m3   0,0   0  

Nitrogen   62,9  SEK/m3   0,96   60  

Hydrogen   0,0  SEK/m3   0,0   0  
Oxygen   0,0  SEK/m3   0,0   0  
Propane   0,0  SEK/m3   0,0   0  
Methane   0,0  SEK/m3   0,0   0  
Natural  gas   66,9  SEK/m3   9,9   662  
                        
Propylene   0,0  SEK/kg   0   0  
Kerosene     0,0  SEK/kg   0   0  
Electricity  *   0,76  SEK/kWh   80   61  
                            
Subtotal   783  SEK/h  
                                
Powder  Cost   375,0  SEK/kg                
Powder  spray  rate   19,5  kg/h                
Deposit  Efficiency   67,5  %                
Deposition  Rate   13,2  kg/h                
                                 
Powder  Cost   7312,5  SEK/h        7313  
Spare  parts   50,0  SEK/h        50  
Labour  +  Overhead     265,0  SEK/h        265  
Equipment  Cost**   272,1  SEK/h        272  
                                 
Subtotal  (Toatal  Cost)   8  683  SEK/h                     
                                 
Cost  per  kg  deposited  material   660  SEK  
Cost  per    a(m2)  x  d(mm)  deposit  material   1144  SEK  
*The  electricity  cost  includes  cost  to  run  air  compressor,  air  dryer,  control  panel,  the  process  etc.       
**Calculated  for  1500  operating  hours  per  year.         
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5.4 Price estimations for different thermal spray methods 

The method applied for the calculations of the HVAF technology costs in the prior section 
was used in calculations of prices for all covered processes. The calculations are conducted 
according to the layout presented in Table 11, and the results from the calculations are 
presented in Table 12. Specifications from all calculations can be found in Appendix 2.  
 
Table 12. Results from the cost comparison. 
Process   Price  per  kg  deposit  material        Price  per  m2  deposit  material       
     (SEK/kg)        (SEK/m2  0.25mm)       
                        
HVOF   1  013        1  758       
HVAF   660        1  144       
Cold  spray   745        1  292       
D-‐Gun   N/A          N/A       
Electric  arc   278        482       
Combustion  wire   544        944       
APS   959        1  663       
                        
 
The results from the cost comparison shows that the HVAF technology due to its high spray 
rate and high deposition efficiency receives a low cost per kilo deposited material. This 
indicates that the process will have a good competitive position compared to other thermal 
spray processes that creates high quality coatings. If a material with a lower price is used an 
even larger price difference would be received since the spray rate and deposition efficiency 
then would have a lower impact of the overall cost.  
 
The electric arc spraying process will however as the cost calculation shows have a lower 
coating cost. This means that the HVAF process only will be able to compete when the 
applications requires a higher quality of the coatings that the technology enables or in those 
cases where the quality will improve the life time of the products and thus defend the higher 
cost. 
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6. Result discussion 
- Implementation factors survey 

In this section, the results from the conducted survey are presented. Analyses of the presented 
values will be made continuously as the results are presented. This also applies for 
discussions of results against earlier presented literature in order to further illustrate what 
the results imply. 
 
From the 207 distributed questionnaires a response rate of 23% i.e. 47 responses was 
obtained. From these 47 responses 37 questionnaires i.e. 18% was answered in a way that 
made then useful to this study. The data in this section will be based on these answers. From 
statistics available through the service used to perform this survey it can also be seen that 22 
people visited the survey but chose not to respond while 138 people chose not to open the 
questionnaire at all. A large number of responses were also received by mail where the 
respondents stated that their lack of sufficient knowledge about thermal spraying resulted in 
that they did not have the ability to answer the questionnaire. 
 
This response rate is comparable with the results previously obtained from similar surveys. 
An example is the article "Lasertekniken ökar stadigt" conducted by Engström (2012) with a 
response rate of 22%. However, due to the low response rate the collected data are not 
sufficient to perform an analysis with statistically significance. But since this study aimed to 
explore what the thermal spray market in Sweden looks like and tried to identify what the 
general opinion is about the technology and investments in new technologies among both 
currently and potential users, it provides a usable indication in the field of study.  
 
All the collected information is still applicable and considered as valuable to the study. Since 
the respondents in some cases have chosen not to answer all questions, each question will be 
evaluated individually. The information will be presented in appendix 3 as a whole where 
information on what the respondents answered and the number of respondents to each 
question will be included. Due to this the information should be seen as indications to the 
respondents' attitudes towards the various questions and not as statistical reflection of the 
Swedish thermal spray market. 
 
General information 
To get a better picture of the usage of thermal spraying in Sweden the questionnaire initially 
investigated what role the firms have on the market and what industrial sector the enterprises 
is operating within. Figure 22 shows that the two major areas where thermal spraying is used 
are original equipment manufacturers and contract manufacturers. 
 

 
Figure 22. Compilation of answers obtained to question 1, presented in appendix 3 

0% 10% 20% 30% 40% 50% 60%

Original  Equipment  manufacturer

Component  manufacturer

Material  supplier

System  supplier

Contract  manufacturer

Other:

What  kind  of  company  do  you  work  for?  

Users  of  Thermal  spraying

Not  users  of  Thermal  Spraying

TS  -‐  A:  15  (100%)  N:  0  (0%)  
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This corresponds well with the image presented in the market research performed by Ducos 
and Duran (2001) where they state that many smaller firms are active in the thermal spraying 
business and that it is often used as a repair method for process and manufacturing industries 
and that it is used by manufacturers producing high value component. 
 
This is also further indicated as it comes to presented operating sectors of the companies 
using thermal spraying, seen in Figure 23. Information about the usage of thermal spraying 
indicates that the technology is spread across many different fields of application. It is also 
clear that the industrial sectors where Sweden is prominent are well represented in the results 
from the survey. If the questionnaires are examined one at a time and an overall picture is 
build up from all answers it clearly shows that many small businesses, so called job shops, 
perform work at a wide area of different businesses. This indicates that these small companies 
are those that account for the width of the thermal spraying, corresponding to the arguments 
in the article of Ducos and Duran (2001). The conclusion is that whiles the technology is quite 
wide spread it is still not many major players on the market as they probably buy their 
services from these small job shops.  
 
The use of thermal spraying in Sweden presented in the article ”Industrial and research 
activities in thermal spray technology in the Nordic region of Europe” Nylén and Vuoristo 
(2007) claims that the aviation industry and the manufacture of gas turbines, process industry 
and heavy industry which includes vehicles, steel production and tooling are areas that are 
very prominent in Sweden. If this picture is taken into account in the data that this survey 
presents the answers reflect the market as described in the article by Ducos and Durand 
(2001) in a good way. The areas discussed in their article are mostly the same as in this study. 
 

 
Figure 23. Compilation of answers obtained to question 2, presented in appendix 3 

Question 3 presented in appendix 3 is a reflection of the size of the companies. These answers 
have not been connected to the other questions to any large extent, but from a review of how 
many employees the companies have and to what extent these companies use the technology, 
it clearly indicates that smaller companies are more representatives as of using thermal 
spraying as their primary business. The larger businesses are more often using thermal 
spraying as a repair method or a single application; with some exceptions, for instance the 

0% 10% 20% 30% 40% 50% 60%

Automotive  /  Subcontractor

Corrosion  protection

Printing  and  paper

Other  OEM

Heavy  Industry

Aerospace

Tubes  and  bottles

Life  Science  /  Biotech

Process  Industry

Glass  Industry

Diesel  Engines

Other:

Which  industry  sector  do  you  belong  to?  
(Multiple  answers  can  be  selected)  

Users  of  Thermal  spraying

Not  users  of  Thermal  Spraying

TS  -‐  A:  15  (100%)  N:  0  (0%)  
NOT  TS  -‐  A:  19  (100%)  N:  0  (0%)  
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aerospace industry where thermal spraying as mentioned by Nylén and Vuoristo (2007) have 
a significant role in the production. 
 
Of the 15 respondents which declared that they use thermal spraying in Sweden, seven also 
stated that they use the technology in their production abroad. Of these seven, it is mainly 
larger companies that are represented with the exception of one small company that has 
managed to export between 21-30% of what they produce. This would still be considered 
little compared with the larger companies, which exports more than 90% of their production 
Figure 24. The survey presented by Ducos and Durand (2001) hereby also applies for Sweden 
where smaller businesses mainly operate on the domestic market and have problem to expand 
their businesses. 
 

 
Figure 24. Compilation of answers obtained to question 3, presented in appendix 3 

A clear difference regarding what kind of manufacturing various companies have emerges 
between users and non-users of the technology. A clear majority of one-piece/small-scale 
series production uses thermal spraying while it appears that those who do not use thermal 
spraying in a greater extent is a large-scale production/mass production company Figure 25. 
 

 
Figure 25. Compilation of answers obtained to question 5, presented in appendix 3 

Investment factors 
Some parts of the study were done in order to help Swerea when marketing HVAF. To 
understand how to market the technology in a good way, it is important to have knowledge 
about the factors that customers consider important. Beneficial qualities corresponding to 

0% 10% 20% 30% 40% 50% 60%

0-‐10%

11-‐20%

21-‐30%

31-‐40%

41-‐50%

51-‐60%

61-‐70%

71-‐80%

81-‐90%

91-‐100%

What  percentage  of  the  sales  are  you  exporting?    

Users  of  Thermal  spraying

Not  users  of  Thermal  Spraying

TS  -‐  A:  15  (100%)  N:  0  (0%)  
NOT  TS  -‐  A:  19  (100%)  N:  0  (0%)  

0%
10%
20%
30%
40%
50%
60%
70%
80%

One-‐piece  /  small  series Series  production Large  Series  -‐  /  mass
production
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these factors should be elucidated. To obtain a closer understanding the survey was formed to 
investigate the various factors current and potential users consider to be most important when 
investing in new technology.  
 
Having in mind the significant differences regarding production it was shown to be 
surprisingly small differences between what factors the respondents take into consideration 
when investing in a technology. From one of the questions, question 9 in appendix 3, a clear 
majority of the replies from both users and non-users indicates that the entire 
production/processes and the adjacent processes must be taken into consideration when it 
comes to new investments.  
 
When it comes to what incentives the companies have in investing in new technology, both 
users and non-users think that the most important factors are improved quality, reduced cost 
and increased productivity as seen in Figure 26. The factor that distinguishes the users of 
thermal spraying from those who do not use the technology is the increase in productivity; 
where the users seem to consider it less important than the non-users. 
 

 
Figure 26. Compilation of answers obtained to question 6, presented in appendix 3 

The general picture that has been eminent in the results above is also reflected in the question 
regarding criteria for investments. Figure 27 shows no significant differences between users 
and non-users when it comes to what criteria they consider to be most important. Therefore it 
is hard to see an explanation why some companies choose to invest and use thermal spraying 
when others do not. The high production cost of each component, can however, be a small 
indication to why the cost is valued higher by users of the technique than by those who do not 
use it. Precision is also a factor where a small difference can be identified and where the users 
of thermal spray value the factor higher than those who do not use thermal spraying.  
 
However, the result of the attendant question, how well thermal spraying meets each of these 
criteria, shows clear differences between current users and non-users of the technology. What 
clearly emerges is the negative view non-users have regarding the technology. It must 
however be mentioned that only four non-users have answered this question but the result is 
still important to highlight. This confirm what Ducos and Durand (2001) states in their article 
that the market with, few exceptions, do not understand the potential of thermal spray 
methods. This in turn indicates that the overall picture of thermal spraying is vague which 
also is seen in Figure 28.  
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Figure 27. Compilation of answers obtained to question 7, presented in appendix 3 

 
Figure 28. Compilation of answers obtained to question 8, presented in appendix 3 

It would also be important to mention that the respondents on the question "How well does 
thermal spraying meet each criteria?" illustrated in figure 29 was enabled the option to not 
answer the question if they considered not having enough knowledge about thermal spraying. 
As many as 57% of the respondents chose not to answer the question. The high proportion 
might indicate that there is a lack of knowledge in the industry when it comes to thermal 
spraying, especially among non-users. This is most likely negative for the growth of the 
thermal spray industry.  
 
So what are the barriers that are experienced in investing in new technology, in general? As 
seen in Figure 29 the main obstacles experienced with investment in new technology is the 
cost of the technology followed by that it is difficult/expensive to validate the technology and 
that it is difficult/expensive to get acquainted with new technology. 
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Figure 29. Compilation of answers obtained to question 12, presented in appendix 3 

From Figure 30 it can be seen that a similar distribution of the answers was received when the 
question was responded by companies which currently do not use thermal spraying. It also 
turned out that the thermal spraying consistently was considered to be better than new 
technology in general, on all of the comprised items as illustrated in Figure 31. It was 
however shown that the technique is considered to be less appropriate by several respondents 
when considering batch sizes and type of products they produce. Here the usage of the 
technology was considered to generate problems. 
 

 
Figure 30. Compilation of answers obtained to question 14, presented in appendix 3. 
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Figure 31. Comparison of answers obtained from question 12 and 14, presented in appendix 3 

Decision qualifying information 
As Sambasivarao and Deshmukh (1995) mentions in their summary about possible 
implementing issues, it is important to closely consider the hardware for an optimal 
implementation of it into the existing production process. In order for companies to 
accomplish a well-implemented process the decision of technology must be based on well 
covering information about available technologies and its characteristics and potential. For 
this reason, this study examined the sources of information companies used to gain 
knowledge about new technologies. It appears to be small differences between users and non-
users of thermal spraying when it comes to methods for gathering information. However, a 
more significant factor appears to be the number of employees in the company. It turns out 
that the larger companies to a greater extent rely on their own R&D department which is a 
department that most small businesses are unable to provide due to the high operating cost.  
 
But many users of thermal spraying are small businesses which also are reflected in the way 
they gather information about new technologies. This is primarily done through sources such 
as exhibitions/conferences, internet and manufacturers of the technology. In comparison does 
larger companies compile their information from conferences, manufacturers and its own 
research departments.  
 
The use of thermal spraying today 
The survey also focused to analyze the current use of thermal spraying. The structure of the 
survey allowed only respondents which are users of more than one type of equipment of 
thermal spraying to answer the questions 14-20, seen in full in Appendix 3. Those 
respondents stated that they have zero equipment were to answer question 21-22. A technical 
error resulted in that question 21 could not be answered by all non-users, and was therefore 
only answered by a few respondents. For this reason and the fact that the response rate is very 
low the question has been excluded from the study. 
 
Thermal spray equipment seems to primarily be used as stand-alone systems, see Figure 32. 
The equipment is however also common in production systems and used as multi-applications 
station. This reflects well the small-scale production or one-component manufacturing 
dominating the production which was previously mentioned among users of thermal spraying. 
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Figure 32. Compilation of answers obtained to question 16, presented in appendix 3. 

Benefits of thermal spraying 
The main benefits of thermal sprayed coatings are illustrated in Figure 33. It clearly shows 
that nearly all the respondents use thermal sprayed coatings to protect against abrasion. The 
answers clearly show that this is not the only application that is common; all the types’ of 
coatings which are included in this question are widely used. The fact that many users creates 
so many different kinds of coating is consistent with the indication that the method is used in 
small series or single products as well as a maintenance and repair method on a wide range of 
products. It also supports the fact that many of the businesses active in the industry are 
specialized in thermal spraying and carrying out work as contract manufacturer, as seen in 
Figure 22. 
 

 
Figure 33. Compilation of answers obtained to question 18, presented in appendix 3. 

Metals, and specifically iron based metals, are by far the most common material to coat when 
using thermal spraying. But the result from the survey also shows that ceramics is used to 
create coating by more than half of the respondents. Unfortunately, the setup of the 
alternatives seemed to be too vague and therefore the breakdown gives little specific 
information about what features the coatings is used for and the metals used. More options 
and more specific material specifications would have been preferable in order to be able to 
link the answers to the different application areas mentioned in Figure 33.  
 
Various opinions were revealed when it comes to the question whether users experience 
problems in following the development in the field of thermal spraying. A few users find 
difficulties in following the development in more than one area, but overall, it seems that 
knowledge is good and that most thermal spray users find it easy to follow developments as 
seen in Figure 34. Worth mentioning is that this is not only limited to small businesses, it was 
perceived also by major global companies with access to their own R&D departments. 
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Figure 34. Compilation of answers obtained to question 19, presented in appendix 3. 

Another interesting question regards whether users of thermal spray experience the 
technology as limiting in any way? As seen in Figure 35 most users seem to agree on that the 
limitations they experience is small. Only two companies think there are limitations with the 
technology. These problems include that the productivity is too low and that the possibility to 
automatize the technology is inadequate.  
 
This further confirms the picture of lack of knowledge, which has been discussed previously 
in this study, rather than the potential of the technology itself as declared in Figure 28; How 
well dos the thermal spraying meet each criteria? 
 

 
Figure 35. Compilation of answers obtained to question 20, presented in appendix 3. 

Support instruments 
The answers from the questions regarding support services are valuable information for 
Swerea. The respondents would primarily prefer knowledge transfer from others through 
workshops, with discussion that is demanded, Figure 36. Other support instruments 
mentioned in the survey are transfer of knowledge from others, possibility to external 
expertise and training. These answers confirm the indications that could be interpreted by 
earlier questions; that the knowledge of thermal spraying is limited, and important to focus 
on. These are also supported by what Sambasivarao and Deshmukh (1995) talked about as 
important factors to consider in their management development section, as described in 
section 3.1of this study. 
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Figure 36. Compilation of answers obtained to question 22, presented in appendix 3. 

 
From a follow up free write question some interesting information was conducted. One of the 
interesting points this result presented was the indication that the major factors, which would 
facilitate the introduction of new technology to the companies in general, and thermal 
spraying in specific were if the usage of the technology would result in financial gain or if the 
introduction of thermal spraying would be a mandatory technology. 
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7. Concluding discussion 

The work performed has resulted in the following: 
 

 A   for thermal spraying and is characteristics etc. Initially this section was 
conducted with the aim to contribute with knowledge that could help identify 
appropriate areas of application. However, the fact that the study has identified that 
awareness about the technology is so limited, this work also serves as a body of 
knowledge that can help distribute information about the technology and it’s potential 
to the industry. 

 A comparison of the covered techniques in terms of performance, features and more. 
 A cost estimation and cost comparison between the covered thermal spray 

technologies. 
 An identification of new possible business cases to the HVAF technology, further 

explained in section 7.1 
 Development and compilation of a survey that examines questions about 

implementation and usage of thermals spraying. The findings are further explained in 
section 7.2. 

7.1 Areas of application 

This section presents the finding of research question 1: What are possible business cases for 
the HVAF technology from a technical as well as an economical point of view? 
 
Due to the high investment costs and the high process cost it can be difficult to see the 
profitability of thermal spraying. For this reason it is important to identify and highlight the 
areas where the method has the potential to provide benefits that other methods and processes 
cannot compete with, or areas where the process can provide advantages over time. 
Applications where thermal spraying offers these benefits include possibilities to coat a 
surface with a material of a different character then the substrate. This enables the process to 
coat a less expensive material with a high-performing one where protective layers can be 
created towards high temperatures, wear down, corrosion and many others. The method can 
also help avoiding the usage of methods that for various reasons is considered as 
inappropriate due to environmental impact, a life cycle perspective or unhealthy working 
conditions. Another factor that is important to keep in mind and that can be crucial whether 
thermal spraying is profitable or not is the life cycle cost of the product. This can in some 
applications increase the value of a product substantially whether it concerns restoration of 
old components or production of new ones.  
 
The HVAF technology has from the comparisons in previous sections proven to contribute 
with some new and improved characteristics. The aim with this section is to match these 
characteristics with applications likely to benefit from these properties.  

7.1.1 Corrosion Protection 

Damages due to corrosion are a problem that creates annual costs around three percent of the 
GDP, which in Sweden can be estimated to 100 billion. Of these it is estimated that about 10 -
15% is of such a nature that it would be economically justified to prevent (Mattsson & Kucera 
2009). This means that significant savings can be made if a proper corrosion protection is 
chosen. Electric arc spraying has for a long time been a method used for protecting 
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constructions such as bridges and other exposed objects. The constructions are usually 
sprayed with zinc or aluminum, which acts as a sacrificial anode, thereby protecting the 
structure from corroding (Mattsson & Kucera 2009). By technical comparisons the HVAF 
process has been able to demonstrate very good properties in terms of aluminum coatings. 
One improved property that could justify the usage of the HVAF technology on this material 
is the good adhesion and the ability to create dense coatings (Internal report, Swerea). This 
will be at a higher cost than that of Electric arc spraying, which means that this may be seen 
as a method suitable for applications where the layers are exposed to impacts from objects or 
other demanding conditions where these improved properties will make a difference 

7.1.2 High temperature corrosion resistance. 

Thermal sprayed coatings by the HVAF technology have also been proven to have a good 
resistance to high temperature corrosion. This is due to the absence or very low amount of 
oxides in combination with a high coating density (Verstak & Baranovski, 2003). The HVAF 
technology has proven to produce coatings with very high crack resistance which allows the 
process to produce thick layers of carbides which gives the coatings a longer life time 
(Verstak & Baranovski, 2003). 

7.1.3 Light weight material components with thermal sprayed wear coatings. 

Developing of lightweight components and constructions is an area where a lot of research 
currently is performed. One example is the development of lightweight components for 
vehicles which can reduce their fuel consumption. This is seen as a strategically important 
research area by the government that annually invests around 400 million on the sustainable 
development of transportation (Transporter för hållbar utveckling, Online) 
 
One problem with this development is however that many lightweight materials including 
aluminum have a poor wear resistance resulting in that they have difficulties to successfully 
meet the demands of mechanical tests. This means that material cannot be used in all 
applications desired without additional components that protect the material, which takes time 
and requires extra assembly operations (Wielage et al, 2006). 
 
Research on thermal spraying have been performed in this area where the HVOF technique 
has been used to coat protective layers on precipitation hardened aluminum alloy which has 
proved successful (Wielage et al, 2006). Different combinations have been used where 
WC/Co, WC/CoCr and Cr3C2/NiCr, combined with NiCr bond coats have been showing 
successful positive results. None of the sprayed coatings showed failure even if signs of 
cracking under static compressive bending loads were indicated. Only from heavy plastic 
deformation were crack propagation between the substrate and the bond coat shown (Wielage 
et al, 2006). Earlier research has shown that a critical factor to create thermal spray coatings 
on aluminum is the kinetic energy of the particles. This energy is considered to be necessary 
to break or deform the strong oxide layer formed of aluminum which is necessary to create a 
mechanical bond between the particles and the substrate (Trompetter et al, 2010). This is also 
confirmed by research conducted by Trompetter et al. (2010) and Verstak & Baranovski 
(2003) where a test demonstrates the ability to spray aluminum with NiCr if the oxide layer is 
not too thick for the particles to force it and create a bond (Trompetter et al, 2010). Tests 
carried out by (Verstak & Baranovski, 2003) showed that a good adhesion, up to 50MPa, 
could be achieved between the austenitic stainless steel coating and an aluminum substrate. In 
order to decide whether this is an alternative for the future or not further testing is needed, but 
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initial research indicate the possibility to coat lightweight material with very strong oxide 
layer like aluminum. 
 
Good results have also been detected in coatings of magnesium and titanium which, like 
aluminum are known for their strong oxide scales and for this reason are hard to coat with 
some thermal spray processes (Verstak & Baranovski, 2003). Therefore these applications 
also can be of interest to the HVAF process. 

7.1.4 Replacement of hazardous production methods 

Chromium has been used in the automotive industry for decades due to its appearance wear 
and corrosion resistance. It is also frequently used on hydraulic pistons in landing gears on 
airplanes and in other hydraulic systems. However, the plating bath contains hexavalent 
chromium which has known effects on the environment and on the human health due to its 
carcinogen effect. Due to these issues the use of hexavalent chromium will be limited. 
Regulations against the use of hard chrome have already been introduced in the automotive 
and aerospace industries (Picas, Forn & Mattha, 2006).  
 
This opens up new technologies that can replace hard chrome plating. Tests have been 
conducted and show that thermal spraying is a good alternative especially in cases where the 
coating is exposed to severe wear conditions in combination with corrosion (Picas, Forn & 
Mattha, 2006; Verstak & Baranovski, 2003). It is also confirmed in that it is approved and is 
currently used as coatings in the aircraft industry where high standards and restrictions are 
placed on the components that are used. For this application cermet coatings have been 
proven to be appropriate since they are very dense, have high bond strengths and retain a high 
level of carbides. Suitable cermet’s that have been investigated as alternative coatings include 
WC-10Co-4Cr (Reignier et al, 2002; Verstak & Baranovski, 2003), CRC-NiCr (Picas, Forn & 
Mattha, 2006; Verstak & Baranovski, 2003), where tests have shown that coatings produced 
with both HVOF and HVAF demonstrates better wear strengths and corrosion resistance than 
hard chrome plating . This means that these coatings can be seen as good "green" substitutes 
to hard chrome plating (Verstak & Baranovski, 2003; Picas, Forn & Mattha, 2006; Reignier et 
al, 2002).  
 
Benefits observed with HVAF technology compared to HVOF is improved adhesion strength 
to the substrate (Lyphout et al, 2012), lower operating costs and lower levels of the brittle 
phases formed due to oxidation and thermal deterioration of the carbides in the sprayed 
particles (Armenakis & Bedeian, 1999). This result in coatings with a better resistance to 
cracking which enables the process to create thicker layers of carbides (Verstak & 
Baranovski, 2003). 

7.1.5 Wear protection 

Wear resistant coatings are today used in a wide range of applications. This is due to the large 
potential for savings, which can be made if purchase of new components can be avoided. For 
this reason, the method is used both to create protective layer in construction of new 
components but also as a restoration method to avoid that parts must be disposed, parts that in 
some cases can cost several million Swedish crowns.  
 
There are many application areas in addition to hard chrome replacement where the use of use 
the WC-10Co-4Cr and CRC-NiCr today are applied, and where the potential of using HVAF 
instead of HVOF should enable more cost-effective coatings. However, this requires that tests 
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and studies regarding the performance of the layer applied to the different areas are further 
investigated. Some areas where these coatings are uses and thus can be seen as interesting 
include (Verstak & Baranovski, 2003): 

 Paper rolls 
 Process roles in the metal industry 

7.2  Implementation factors 

This section presents the finding of research question 2: What initiatives are necessary to get 
more companies and applications into the thermal spray business? 
 
Following points summarizes the most distinguished results from the survey; 

 Most users replied that they do not possess the necessary knowledge to answer the 
question regarding how well the thermal spraying meet the requirements that are 
important when investing in new manufacturing technology.  

 Companies that do not use thermal spraying does not seem to understand the 
opportunities the technology entails, despite the fact that other companies operating in 
similar areas and with the same operations are using the technology and experience 
the advantages that it enables.  

 It is clear that capacity building through various forms of knowledge acquirement was 
the kind of support function non-users of thermal spraying requested the most. 

From the survey is it difficult to answer the research question in specific. Instead it is clear 
that many answers indicate that a general lack of knowledge exists among non-users of 
thermal spraying regarding the technology. If these indications are compiled, it is also clear 
that a large uncertainty exists regarding characteristics, possibilities and the potential of the 
technology. Thus, it is important to provide information about those factors.  
 
The desired information is in many cases not available, and if available it is difficult and very 
time consuming to collect this information. Because the complexity of the technology there 
are many factors that need to interact in order to obtain optimal results. For this reason a 
summary of the necessary information is desirable in order to help users of the technology to 
understand what results to expect, and what opportunities are available through the various 
techniques.  
 
Despite the general picture described above a vague indication can be found of which 
implementation factors to focus on when spreading more specific information to the industry. 
Trying to point out a few; precision, productivity and return on investment are 
implementation factors given to be slightly more important than others to both users and non-
users of the technology. This in turn indicates that non-users might need the information to 
more easily make decisions regarding potential investments. The findings indicate that if 
more information of thermal spray techniques can be provided to the industry opportunities 
exist to increase the usage. 
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8. Overall reflection of the study 

There are several factors that influenced the outcome of this study. Among other things, the 
response rate of the survey, which may be considered as very low. This means that the study 
cannot be considered to have the reliability desired from the beginning. By ensuring that the 
questionnaire was sent to the correct person, this would most likely have resulted in that a 
greater number of responses would have been obtained. The work required to find both the 
right companies and the right people within the company in a more reliable way, could 
however not be performed within the timeframe of the project.  
 
It is clearly identified that responses placed at the middle of the scale of the questionnaire is 
strongly dominated. This could reflect an uncertainty or lack of knowledge from the 
respondents. Complementary questions would for this reason have been preferable to be able 
to dismiss or confirm this statement.  
 
Due to the fact that Swerea’s customer database that was used for the distribution of the 
survey mainly consists of large companies, this study does not reflect the total market of 
thermal spraying properly. This means that it do not provide the overall picture of the 
industry, which was first intended. However, it provides valuable information to Swerea to 
base their future work upon since this better reflect the companies normally engaged in 
projects with Swerea. 
 
After having collected and analysed the responses from the questionnaires it was shown that 
additional information from interviews would have been useful in order to gather more 
detailed information of how companies are working with the implementation of new 
technologies. The information would have been valuable in order to provide a more detailed 
answer to research question 2. This is however something that Swerea easily can pick up and 
continue to work with where this work finished. 
 
Another aspect that should be discussed is the difficulty in conducting a cost estimation in the 
field of thermal spraying. This has been shown in this study by a number of factors, including 
information regarding spray rate, deposition efficiency and process parameters which have 
been hard to find and sometimes are depending on what source it is collected from. 
Depending on which companies are buying technology and in what quantities it will be a 
deciding factor regarding what prices that will be received. Since it is only small businesses 
that have shared the information in this study this can be expected to be reflected in the prices 
published in the comparison. The information should still provide a relatively 
reliable/consistent indication and a basis for further work. Therefore it would have been worse 
if the information had been collected from both large and small companies combined. 
 
Usually companies are helpful, but in many cases they do not want to disclose sensitive 
information, which in many cases are interesting for the analysis of the survey. As a result a 
lot of general information that is difficult to draw specific conclusions from is received. 
 
Some implementation factors are addressed in the theory section, although they are not 
discussed in the following analysis. It should be clarified that those are included in order for 
the theory section to be useful at similar investments decisions, where the factors might have 
an important role although they are not applicable in this thesis work.  
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8.1 Recommendations 

Recommendations to Swerea are:  
 
Firstly  
(1) When it comes to new project for the HVAF technology the recommendation is to focus 
on the configuration the equipment have today. This enables for the potential to apply 
aluminum coating for corrosion protection. To exploit the full potential that the HVAF 
process enables, the coating should be used in applications where high demands are placed on 
the protection in the form of good adhesion and improved resistance to mechanical stress. The 
next step would be to also examine the application areas currently used in the industry and 
apply these on other companies within the same area. In this way Swerea can be sure that the 
applications work and will generate projects with low risk and good profitability. Suitable 
applications would for example be the areas identified through this work where improved 
results compared to other techniques have been identified. 
 
In combination with these more low-risk projects Swerea should strive to develop whole new 
areas of application that can open up and enable for the possibility of new products. A 
suitable project, considered to be right in time due to its reduced impact on the environment in 
many applications, is the development of lightweight components. Since the Swedish 
government, through Vinnova, invests in the field of sustainable transport where lightweight 
components are an important element, this could also open up to the possibility of funding 
and financial support. 
 
Secondly  
(2) Since the main obstacle for expanding the usage of thermal spraying in the Swedish 
industry seems to be the lack of knowledge about the technology and its potential, this implies 
that a massive dissemination of knowledge about thermal spraying is needed. Information 
should be introduced to the industry where seminars and workshops would be a suitable way 
present what the technology can achieve. But it is also crucial that it is carried out to spread 
the technology for future engineers so that the technology is seen as an alternative to other 
methods when constructing and designing a new product.  
 
An important step in this work is to give information about the economic benefits that the 
technology can provide. Since these benefits are often evidenced by an increased durability 
and life span, it is also important to highlight these trough Life cycle costs. 
 
Thirdly  
(3) In order to spread the technology effectively, it is also important that information about 
the technology is more easily accessible and easy to grasp. Therefore it is important to 
develop fundamental information to make it easier for potential users to assimilate the 
information and venture into the technology. But in addition to the more general information, 
such as the one presented in this work, it is also important to put together standardized 
information that can be a great help in the selection of process but also when it comes to first 
time usage. But since this is such a large and comprehensive work is recommended that it is 
carried out in collaboration with other organizations and research institutes engaged in 
thermal spraying. 
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Areas that have been identified as essential compiling data around are: 
 What materials that can be sprayed whit what processes, and what characteristics is 

received? 
 What characteristics are received for the most common material combinations?  
 What Process gases are required to spray different materials?  
 And last but not least compile “safe” process data that can be used to spray different 

materials with different processes. 

8.2 Future research 

There are still many fields related to this work which can be regarded as suitable for further 
research. 
 
The work to develop a body of knowledge with information that is easy to understand about 
the area of thermal spraying is recommended to be continued. There are still areas which are 
important to grasp in order to understand the process of thermal spraying which have not been 
covered in this wok due to the scope of work. These areas include the knowledge about 
material, gas, fuels etc. 
 
To compile an overview of the characteristics coatings receive as a result of the selection of 
process, process gases and materials should also be performed. In addition it would also be 
preferable if the overview includes spray rate, deposition efficiency and other parameters that 
can give the user the required information to facilitate the use of technology. This is 
something that could not been found and that has made this process very time consuming and 
difficult. As a result of that this is a very large and time-consuming work that involves high 
costs; it is recommended that it is executed as a collaboration between a number of 
organizations. In order to avoid that large investment in all technologies must be performed. 
 
Around the areas identified as potential new business cases, it is also recommended to 
conduct more extensive applied tests to assure the reliability of these projects before trying to 
implement at customers. 
 
To understand how companies analyses their products before making new investments can be 
of great importance. In combination with an overview of available substitute methods for 
thermal spraying could most likely contribute to a greater understanding of how to implement 
thermal spraying in the industry to a greater extent than today. Further investigations in this 
subject are preferable.  
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Appendix 1. Gas cost calculations 

Calculations of m3 price for different gases, both in gas form and liquid. 

Gas unit prices 

Following are parameters used to calculate the price for one m3 of oxygen for given yearly 
consumption of 1 800 m3: 
 
Yearly consumption = 1 800 m3 
Recommended amount of bottles= 12 
Daily rent (of a in -50liters)) = 65.53 SEK 
Gas price (one industry package) = 6 483 SEK 
Volume (one industry package) = 129m3 
Cost for each delivery (flat fee) = 399 SEK 
Cost for each delivery (fee for each bottle) = 59 SEK 
Estimated discount (for the annual consumption of gas) = 30% 
 
Calculation: 
 

1. Calculate the number of necessary deliveries: 
 

	   	   = 	  
	   	   	   	    

 

14 = 1800
129  

 
2. Calculate cost of total amount of gas: 

 
	   	   	   	   	   = 	   	   	   	   	   	   (1

	   )  
 

63533 = 14 (6483 (1 0.3)) 
 

3. Calculate total rental cost / Year: 
 

	   	   = 	   	   	   	   	   	    
 

23918 = 65.53 365 
 

4. Calculate total delivery cost / Year: 
 
	   	   =
	   + ( 	   	   	   	   	   ) 	     

15498 = (399 + (59 12)) 14 
 

5. Calculate the price of one m3 of oxygen:   
 

	   	   	   	   	   = 	   	   	   	   	   	   	   	   	  
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57.2 = 63533 + 23918 + 15498
1800  

Result of calculation: 57.2 SEK/m3 oxygen 
 

Gas liquid unit prices 

Following are parameters used to calculate the price for one m3 of liquid oxygen for given 
yearly consumption of 27 000 m3: 
 
Yearly consumption = 27 600 m3 
Monthly rental cost (tank adopted to the consumption) = 6 000 SEK 
Gas price (m3) = 3.50 SEK 
Cost for each delivery (flat fee) = Included in the gas price 
Cost for each delivery (fee for each m3) = Included in the gas price 
 
Calculation:  
 

1. Calculate cost of total amount of gas:  
 

	   	   	   	   	   = 	   	    
 

96600 = 3.50 27600 
  

2. Calculate total rental cost / Year: 
 

	   	   = 	   	   	   	   	   	   	     
 

72000 = 6000 12 
 

3. Calculate the price of one m3 of oxygen: 
 

	   	   	   	   = 	   	   	   	   	   + 	   	  
	    

 

6.11 = 96600 + 72000
27600  

 
Result of calculation: 6.11 SEK/m3 liquid oxygen 
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Appendix 2. Comparison cost calculations 

Presentation of the results from cost calculations for different thermal spray methods. Figure 
38 to 43 summarizes the input variables and results for each process. 

 
Figure 37. A summary of a cost calculation for the APS technology. 
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Figure 38. A summary of a cost calculation for the Cold Spray technology. 
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Figure 39. A summary of a cost calculation for the Combustion wire spray technology. 
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Figure 40. A summary of a cost calculation for the Electric arc spray technology.  
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Figure 41. A summary of a cost calculation for the HVAF technology. 
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Figure 42. A summary of a cost calculation for the HVOF technology. 
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Appendix 3. Statistics from survey 

Results from the questionnaire trying to answer the research question: What initiatives are 
necessary to get more companies and applications into the thermal spray business? 
 
The survey was sent out to 207 respondents during this master thesis work, spring 2012. From 
the 47 responses obtained, 37 questionnaires i.e. 18% was answered in a way that made then 
useful to this study. The survey was distributed through a Web application provided by 
Netigate (Web survey, online survey software, Online), and are presented below from a 
compiled summary conducted in excel. 
 



A  =  Answered  by
N  =  Not  answered  by

ALL=  All  respondents All  respondents
TS=  Users  of  Thermal  Spraying Users  of  Thermal  spraying
Not  TS=  Not  User  of  Thermal  spraying Not  users  of  Thermal  Spraying

1 What  kind  of  company  doyou  work  for?

Alternetives Other:
Amount % Amount % Amount % Industriservice  Reparationer

1 Original  Equipment  manufacturer 7 19% 5 33% 2 11% Reparationer
2 Component  manufacturer 3 8% 1 7% 2 11% Material  och  komponentleverantör
3 Material  supplier 10 27% 0 0% 9 47% Fordonstillverkare
4 System  supplier 1 3% 0 0% 1 5% 45.års  erfarenhet  som  TS-‐utövare
5 Contract  manufacturer 4 11% 3 20% 1 5% En-‐stycks,  tungt  smidesföretag
6 Other: 12 32% 6 40% 4 21% Alla  alternativen  kan  användas

37 100% 15 100% 19 100% Verktygstillverkare
Ytbehandling
Vidareförsäljning
Försvaret
Slutanvändare

2 Which  industry  sector  do  you  belong  to?
(Multiple  answers  can  be  selected)

Alternetives Other:
Amount % Amount % Amount % Gasturbiner  (Stationära)

1 Automotive  /  Subcontractor 8 22% 4 27% 4 21% Verkstadsindustri  med  hög  precision
2 Corrosion  protection 5 14% 2 13% 3 16% Gasturbin
3 Printing  and  paper   3 8% 2 13% 1 5% Verkstadsindistri?
4 Other  OEM 3 8% 1 7% 2 11% Stål-‐/Verkstadsindustri
5 Heavy  Industry 13 35% 5 33% 6 32% OEM  Energiteknik
6 Aerospace 3 8% 2 13% 1 5% Försvarsindustri
7 Tubes  and  bottles 1 3% 0 0% 1 5% Aluminiumindustri
8 Life  Science  /  Biotech 1 3% 1 7% 0 0% Möbelindustri
9 Process  Industry 8 22% 5 33% 2 11% Stål
10 Glass  Industry 0 0% 0 0% 0 0% Verkstad/stål
11 Diesel  Engines 3 8% 3 20% 0 0% Försvaret
12 Other: 16 43% 4 27% 11 58% Verkstadsindustri

64 174% 29 193% 31 164% Materialindustrin
Power  utility

3 General  questions

How  many  employees  are  you  in  Sweden?
A:  30  (81%)  N:  7  (19%) 0 10 105 450 1  000 3  000 1 56 2500

1 10 115 500 1  922 3  000 5 85 2700
5 35 120 700 2  000 3  000 7 150 3000
6 56 130 1  000 2  500 6  000 10 500
7 85 400 1  000 2  700 8  000 10 1000

How  many  employees  are  you  globally?
A:  30  (81%)  N:  7  (19%) 0 5 56 250 3  000 10  000 17  000 50  000

0 6 85 1  500 3  000 14  000 26  000 360  000
0 7 105 1  600 3  500 15  000 45  000
1 10 130 1  800 9  000 15  698 50  000

What  is  your  turnover  in  2011  in  Sweden?
A:  24  (65%)  N:  13  (35%) 0 1 7 46 200 2  500
In  millions 0 2 10 100 200 9  000

0 6 12 100 240 30  000
0,65 6 63 175 1  400 70  000

What  is  your  turnover  globally?
A:  25  (68%)  N:  12  (32%) 0 0 7 105 3  500 36  000 94  000
In  millions 0 1 46 175 7  000 44  000

0 6 63 390 30  357 73  000
0 6 100 1  200 35  000 90  000

Do  you  use  thermal  spraying  in  your  production  in  Sweden?

Alternetives
Amount %

1 Yes 15 44%
2 No 19 56%

34 100%

Do  you  use  thermal  spraying  in  your  production  abroad?

Alternetives
Amount %

1 Yes 7 22%
2 No 25 78%

32 100%

What  percentage  of  sales  you  are  exporting?

Alternetives
Amount % Amount % Amount %

1 0-‐10% 7 28% 5 56% 2 13%
2 11-‐20% 1 4% 0 0% 1 6%
3 21-‐30% 1 4% 1 11% 0 0%
4 31-‐40% 1 4% 0 0% 1 6%
5 41-‐50% 0 0% 0 0% 0 0%
6 51-‐60% 1 4% 0 0% 1 6%
7 61-‐70% 3 12% 0 0% 3 19%
8 71-‐80% 1 4% 0 0% 1 6%
9 81-‐90% 3 12% 0 0% 3 19%
10 91-‐100% 7 28% 3 33% 4 25%

25 100% 9 100% 16 100%

4 Your  corporate  strategy  in  the  market  is  to  be  a  leader  in?
(Multiple  answers  can  be  selected)

Alternetives Other:
Amount % Amount % Amount % Reparation

1 Technology 25 74% 8 53% 15 88% Kundvärde
2 Innovation 14 41% 4 27% 8 47% Rostfritt  stål
3 Market 15 44% 8 53% 5 29% Brett  utbud
4 Cost 8 24% 4 27% 3 18% Service
5 Other: 7 21% 5 33% 2 12% Tillverkning  av  höghållfasta  stål

69 204% 29 193% 33 194%

5 What  kind  of  production  do  you  have?
(Multiple  answers  can  be  selected)

Alternetives
Amount % Amount % Amount %

1 One-‐piece  /  small  series 17 50% 10 71% 6 33%
2 Series  production 12 35% 4 29% 7 39%
3 Large  Series  -‐  /  mass  production 17 50% 3 21% 12 67%

46 135% 17 121% 25 139%

6 What  is  the  company's  incentives  when  it  comes  to  investing  in  new  technologies?
(Multiple  answers  can  be  selected)

Alternetives Other:
Amount % Amount % Amount % Resultat

1 Reduced  costs 31 84% 13 87% 16 84% Klara  kundens  krav
2 Increased  Productivity 28 76% 9 60% 17 89% ?
3 Improved  Quality 31 84% 14 93% 17 89% Reperationer
4 New  product  design 11 30% 5 33% 5 26% Driftsäkerhet
5 New  Construction 9 24% 4 27% 4 21%
6 Easy  production  sequence 13 35% 6 40% 6 32%
7 New  materials 19 51% 7 47% 12 63%
8 Automation 11 30% 6 40% 5 26%
9 Other: 5 14% 2 13% 1 5%

158 428% 66 440% 83 435%

7 What  are  the  most  important  criterias  for  an  investment?

Alternetives
Unimportant Great  importance

1 2 3 4 5 6 7 8 9 10 Mean: Mean: Mean:
1 Return  on  Investment 0  (0%) 0  (0%) 0  (0%) 0  (0%) 1  (3%) 2  (6%) 2  (6%) 7  (23%) 6  (19%) 13  (42%) 8,74 1,39 8,5 1,35 8,88 1,41 31/37  (84%)
2 Productivity 0  (0%) 0  (0%) 0  (0%) 0  (0%) 5  (17%) 1  (3%) 3  (10%) 7  (23%) 10  (33%) 4  (13%) 7,93 1,61 8,07 1,62 7,73 1,61 30/37  (81%)
3 Precision 0  (0%) 0  (0%) 1  (3%) 0  (0%) 7  (23%) 3  (10%) 0  (0%) 4  (13%) 11  (37%) 4  (13%) 7,57 2,01 8,07 1,83 7 2,07 30/37  (81%)
4 Investment  costs 0  (0%) 0  (0%) 4  (13%) 2  (6%) 3  (10%) 5  (16%) 3  (10%) 3  (10%) 6  (19%) 5  (16%) 6,9 2,35 6,79 2,27 6,94 2,46 31/37  (84%)
5 Unit  costs 1  (3%) 2  (7%) 2  (7%) 1  (3%) 3  (10%) 4  (14%) 3  (10%) 4  (14%) 6  (21%) 3  (10%) 6,59 2,58 7,14 2,1 6,07 2,86 29/37  (78%)
6 Flexibility  in  production 0  (0%) 1  (3%) 2  (7%) 0  (0%) 3  (10%) 3  (10%) 4  (13%) 5  (17%) 7  (23%) 5  (17%) 7,4 2,2 7,69 2,1 7,06 2,33 30/37  (81%)
7 Ease  of  use 0  (0%) 0  (0%) 1  (3%) 0  (0%) 7  (23%) 3  (10%) 4  (13%) 7  (23%) 6  (19%) 3  (10%) 7,23 1,83 7,43 1,84 6,94 1,78 31/37  (84%)
8 Automationable 0  (0%) 2  (7%) 1  (3%) 2  (7%) 3  (10%) 2  (7%) 5  (17%) 5  (17%) 7  (24%) 2  (7%) 6,9 2,26 6,71 2,46 7 2,1 29/37  (78%)
9 Infrastructure  costs  (within  the  company) 1  (3%) 2  (6%) 2  (6%) 2  (6%) 8  (26%) 2  (6%) 3  (10%) 5  (16%) 3  (10%) 3  (10%) 6,1 2,47 5,93 2,84 6,12 2,12 31/37  (84%)

Other:

ALL TS Not  TS

A:  37  (100%)  N:  0  (0%) A:  15  (100%)  N:  0  (0%) A:  19  (100%)  N:  0  (0%)

ALL TS Not  TS

A:  37  (100%)  N:  0  (0%) A:  15  (100%)  N:  0  (0%) A:  19  (100%)  N:  0  (0%)

A:  34  (92%)  N:  3  (8%)

ALL

A:  32  (86%)  N:  5  (14%)

ALL TS Not  TS

ALL TS

ALL

ALL

ALL

ALL

A:  25  (68%)  N:  12  (32%) A:  15  (100%)  N:  0  (0%) A:  17  (89%)  N:  2  (11%)

ALL TS Not  TS

A:  25  (68%)  N:  12  (32%) A:  15  (100%)  N:  0  (0%) A:  19  (100%)  N:  0  (0%)

ALL TS Not  TS

A:  37  (100%)  N:  0  (0%) A:  15  (100%)  N:  0  (0%) A:  19  (100%)  N:  0  (0%)

ALL TS Not  TS

A:  34  (92%)  N:  3  (8%) A:  14  (93%)  N:  1  (7%) A:  18  (95%)  N:  1  (5%)

ALL TS Not  TS

A:  14  (93%)  N:  1  (7%) A:  16  (84%)  N:  3  (16%)



Säljande  bolag!  Svårt  att  svara  på!
Vi  räknar  på  besparingar  att  repa  mot  att  köpa  nytt
I  princip  allt  det  ovanstående,  om  det  gör  en  bra  avkastning.  Mina  val  representerar  en  kanske  typisk  situation.

8 How  well  does  thermal  spraying  meet  each  criteria?

Alternetives
Extremely  poor Neither  good  or  bad   Exceedingly  good

1 2 3 4 5 6 7 8 9 10 Mean: Mean: Mean:
1 Return  on  Investment 2  (14%) 0  (0%) 0  (0%) 0  (0%) 5  (36%) 0  (0%) 2  (14%) 2  (14%) 1  (7%) 2  (14%) 6,14 2,75 7,4 1,85 3 2 14/37  (38%)
2 Productivity 2  (14%) 0  (0%) 0  (0%) 2  (14%) 4  (29%) 2  (14%) 1  (7%) 1  (7%) 2  (14%) 0  (0%) 5,36 2,38 6,4 1,69 2,75 1,79 14/37  (38%)
3 Precision 2  (14%) 0  (0%) 1  (7%) 0  (0%) 4  (29%) 1  (7%) 3  (21%) 1  (7%) 1  (7%) 1  (7%) 5,64 2,58 6,9 1,64 2,5 1,66 14/37  (38%)
4 Investment  costs 3  (21%) 0  (0%) 1  (7%) 1  (7%) 6  (43%) 0  (0%) 1  (7%) 2  (14%) 0  (0%) 0  (0%) 4,5 2,26 5,1 2,07 3 2 14/37  (38%)
5 unit  costs 1  (8%) 0  (0%) 1  (8%) 0  (0%) 5  (38%) 3  (23%) 1  (8%) 2  (15%) 0  (0%) 0  (0%) 5,38 1,82 5,9 1,45 3,67 1,89 13/37  (35%)
6 Flexibility  in  production 2  (14%) 0  (0%) 0  (0%) 1  (7%) 4  (29%) 0  (0%) 4  (29%) 1  (7%) 2  (14%) 0  (0%) 5,71 2,43 6,6 1,69 3,5 2,6 14/37  (38%)
7 Ease  of  use 2  (14%) 0  (0%) 0  (0%) 1  (7%) 3  (21%) 4  (29%) 1  (7%) 3  (21%) 0  (0%) 0  (0%) 5,43 2,16 6,3 1,35 3,25 2,28 14/37  (38%)
8 Automationable 3  (21%) 0  (0%) 1  (7%) 0  (0%) 4  (29%) 0  (0%) 2  (14%) 4  (29%) 0  (0%) 0  (0%) 5,14 2,61 5,7 2,24 3,75 2,95 14/37  (38%)
9 Infrastructure  costs  (within  the  company) 1  (8%) 0  (0%) 1  (8%) 0  (0%) 10  (77%) 1  (8%) 0  (0%) 0  (0%) 0  (0%) 0  (0%) 4,62 1,21 4,8 0,6 4 2,16 13/37  (35%)

Other:
Inte  applicerbart  på  våra  produkter
Åter  igen!
Termisk  sprutningär  i  allt  väsentligt  irrelevant  för  oss.  Inte  ett  sånt  företag.

If  you  can  not  take  a  stand  regarding  the  questions  above  please  click  in  this  option  to  proceed  in  the  survey:

Alternetives ALL
Amount %

1 Can  not  take  a  stand 21 57%

9 Perspectives  to  consider  when  evaluating:

Alternetives
(New  Investments) Amount % Amount % Amount %
The  entire  supply  chain 7 23% 3 23% 3 20%
The  entire  production 12 40% 5 39% 7 47%
The  process  itself  includes  processes  directly  linked  to  this 9 30% 3 23% 5 33%
Only  the  process 2 7% 2 15% 0 0%

30 100% 13 100% 15 100%

(Replacement  investments) Amount % Amount % Amount %
The  entire  supply  chain 4 15% 2 16% 1 7%
The  entire  production 11 39% 5 42% 6 43%
The  process  itself  includes  processes  directly  linked  to  this 11 39% 5 42% 6 43%
Only  the  process 2 7% 0 0% 1 7%

28 100% 12 100% 14 100%

10 Where  are  information  gatherd  in  order  to  choose  a  new  technology?  
(For  multiple  choices    rank  the  top  3,  where  1  is  your  first  choice,  etc.)

Alternetives
1 2 3 Amount % Amount % Amount % Amount % Amount %

1 Exhibitions  /  conferences 3  (18%) 10  (59%) 4  (24%) 17 46% 7 47% 9 47% 6 75% 11 44% 17/37  (46%)
2 System  Manufacturer 6  (35%) 7  (41%) 4  (24%) 17 46% 7 47% 8 42% 4 75% 13 52% 17/37  (46%)
3 Special  Journals  /  literature 0  (0%) 2  (33%) 4  (67%) 6 16% 2 13% 4 21% 2 13% 4 16% 6/37  (16%)
4 Internet 4  (36%) 2  (18%) 5  (45%) 11 30% 4 27% 7 37% 6 50% 5 20% 11/37  (30%)
5 College  /  University 1  (17%) 1  (17%) 4  (67%) 6 16% 3 20% 3 16% 1 25% 5 20% 6/37  (16%)
6 Research-‐  /  Development  department 7  (50%) 5  (36%) 2  (14%) 14 38% 4 27% 10 53% 1 13% 13 52% 14/37  (38%)
7 Integrators 1  (50%) 1  (50%) 0  (0%) 2 5% 1 7% 1 5% 2 25% 0 0% 2/37  (5%)
8 Consultants 3  (43%) 1  (14%) 3  (43%) 7 19% 3 20% 3 16% 1 13% 6 6% 7/37  (19%)

80 216% 31 208% 45 237% 23 289% 57 210%

Other:
Ofta  i  samråd  med  vad  kund(-‐erna)kräver  för  ny  typ  av  teknologi

11 Which  department  makes  decisions  about  investment  in  new  technology?
(Multiple  answers  can  be  selected)

Alternetives Other:
Amount % Amount % Amount % Platschef

1 Production  /  Production  Preparation 19 63% 7 54% 12 80% Ledning/produktion
2 Research  /  Development 8 27% 4 31% 4 27% vd
3 Construction  /  Engineering 8 27% 4 31% 2 13% R&D  i  samarbete  med  produktion  och  kund
4 Other: 9 30% 5 38% 3 20% VD

44 147% 20 154% 21 140% Företagsledning
F-‐ledning
Underhåll

Hur  sker  beslutsfattande  om  teknologiinvesteringar  hos  er?
Produktion  och  teknik  tar  fram  underlag  för  beslut,  som  tas  av  ledningen.
En  följd  av  diskussioner  om  behov  och  möjligheter.  Investeringsprocess  i  många  steg.
Inversteringar  handteras  i  samband  med  ledningens  genomgång.

12 What  obstacles  are  you  experiencing  regarding  decisions  to  invest  in  new  technology  (in  general)?

Alternetives
None Insignificant Ordinary Large Huge
1 2 3 4 5 Mean: Mean: Mean:

1 The  organization  of  the  company 6  (21%) 8  (28%) 9  (31%) 5  (17%) 1  (3%) 2,55 1,1 2,46 1,28 2,62 0,93 29/37  (78%)
2 Technology  level  in  the  company 5  (17%) 13  (45%) 7  (24%) 4  (14%) 0  (0%) 2,34 0,92 2,33 0,85 2,31 0,98 29/37  (78%)
3 Technical  competence  is  missing 6  (21%) 12  (43%) 4  (14%) 6  (21%) 0  (0%) 2,36 1,04 2,33 1,11 2,38 0,99 28/37  (76%)
4 Difficult  /  expensive  to  get  acquainted  with  the  technology 3  (11%) 7  (26%) 13  (48%) 3  (11%) 1  (4%) 2,7 0,94 2,75 1,01 2,67 0,87 27/37  (73%)
5 Difficult  /  expensive  to  get  the  technology  validated 3  (10%) 5  (17%) 11  (38%) 7  (24%) 3  (10%) 3,07 1,11 3 1,08 3 1,06 29/37  (78%)
6 There  is  no  support  internally 6  (21%) 7  (25%) 11  (39%) 4  (14%) 0  (0%) 2,46 0,98 2,33 1,18 2,56 0,79 28/37  (76%)
7 The  lack  of  external  support 7  (25%) 9  (32%) 10  (36%) 2  (7%) 0  (0%) 2,25 0,91 2,08 0,86 2,38 0,93 28/37  (76%)
8 Cost  /  Finance 3  (10%) 3  (10%) 8  (28%) 11  (38%) 4  (14%) 3,34 1,15 3,67 0,75 3,19 1,33 29/37  (78%)
9 Lack  of  established  suppliers 5  (17%) 11  (38%) 8  (28%) 4  (14%) 1  (3%) 2,48 1,04 2,33 1,03 2,44 0,86 29/37  (78%)

13 How  many  devices  for  thermal  spraying  do  you  have  in  your  production?

Alternetives
Amount %

1 0 20 63%
2 1 3 9%
3 2 2 6%
4 3-‐5 5 16%
5 6-‐10 1 3%
6 >10 1 3%

32 100%

14 What  obstacles  do  you  experience  in  the  decision  to  invest  in  equipment  regarding  thermal  spraying?

Alternetives
None Insignificant Ordinary Large Huge
1 2 3 4 5 Mean: Mean: Mean:

1 The  organization  in  the  company 5  (42%) 3  (25%) 4  (33%) 0  (0%) 0  (0%) 2 0,85 -‐ -‐ 2 0,85 12/37  (32%)
2 Technology  level  in  the  company 5  (42%) 4  (33%) 3  (25%) 0  (0%) 0  (0%) 1,91 0,79 -‐ -‐ 1,91 0,79 12/37  (32%)
3 Technical  competence  is  missing 4  (33%) 2  (17%) 6  (50%) 0  (0%) 0  (0%) 2,27 0,86 -‐ -‐ 2,27 0,86 12/37  (32%)
4 Difficult  /  expensive  to  get  acquainted  with  the  technology 5  (42%) 1  (8%) 6  (50%) 0  (0%) 0  (0%) 2,18 0,94 -‐ -‐ 2,18 0,94 12/37  (32%)
5 Difficult  /  expensive  to  get  the  technology  validated 5  (42%) 1  (8%) 5  (42%) 1  (8%) 0  (0%) 2,27 1,05 -‐ -‐ 2,27 1,05 12/37  (32%)
6 There  is  no  support  internally 5  (42%) 1  (8%) 6  (50%) 0  (0%) 0  (0%) 2,18 0,94 -‐ -‐ 2,18 0,94 12/37  (32%)
7 The  lack  of  external  support 5  (45%) 1  (9%) 5  (45%) 0  (0%) 0  (0%) 2,1 0,94 -‐ -‐ 2,1 0,94 11/37  (30%)
8 Investigations  /  verification 5  (45%) 1  (9%) 4  (36%) 1  (9%) 0  (0%) 2,2 1,08 -‐ -‐ 2,2 1,08 11/37  (30%)
9 Cost  /  Finance 3  (30%) 0  (0%) 6  (60%) 1  (10%) 0  (0%) 2,67 0,94 -‐ -‐ 2,67 0,94 10/37  (27%)
10 Batch  sizes 2  (20%) 1  (10%) 3  (30%) 4  (40%) 0  (0%) 2,78 1,13 -‐ -‐ 2,78 1,13 10/37  (27%)
11 The  product  is  not  suitable  for  thermal  spraying 4  (36%) 0  (0%) 3  (27%) 2  (18%) 2  (18%) 3 1,48 -‐ -‐ 3 1,48 11/37  (30%)
12 The  technique  is  not  reliable  enough 4  (36%) 1  (9%) 5  (45%) 1  (9%) 0  (0%) 2,4 1,02 -‐ -‐ 2,4 1,02 11/37  (30%)
13 There  are  too  few  Swedish  suppliers 5  (50%) 1  (10%) 4  (40%) 0  (0%) 0  (0%) 2 0,94 -‐ -‐ 2 0,94 10/37  (27%)

Other:
Vet  ej  när  det  skulle  kunna  vara  användbart
Har  inte  svar  på  alla  frågor.
Ej  applicerbart

15   What  would  facilitate  the  decision  to  introduce  thermal  spraying  in:

Your  company?
A:  25  3  (8%)  N:  34  (92%)

vet  ej
Bevis  på  ekonomiskt  vinning  samt  att  det  finns  bevis  för  att  det  fungerar  inom  pressgjutning.
Att  behov  finns.

In  general?
A:  5  (14%)  N:  32  (86%)

Anledning  till  att  införa  termisk  sprutning.
vet  ej
Så  vitt  jag  vet  finns  inte  nu  något  behov.
Bevis  på  ekonomiskt  vinning  samt  att  det  finns  bevis  för  att  det  fungerar  inom  pressgjutning.
Att  det  är  lönsamt

A:  21  (57%)  N:  16  (43%)

ALL TS Not  TS

A:  30  (87%)  N:  7  (19%) A:  13  (87%)  N:  2  (13%) A:  15  (79%)  N:  4  (21%)

ALL TS Not  TS

A:  10  (67%)  N:  5  (33%) A:  4  (21%)  N:  15  (79%)

ALL TS Not  TS <60 >60

ALL TS Not  TS

ALL TS Not  TS

A:  28  (76%)  N:  9  (19%) A:  12  (80%)  N:  3  (20%) A:  14  (74%)  N:  5  (26%)

A:  13  (87%)  N:  2  (13%) A:  16  (84%)  N:  3  (16%)

ALL

A:  32  (86%)  N:  5  (14%)

ALL TS Not  TS

A:  30  (81%)  N:  7  (19%) A:  13  (87%)  N:  2  (13%) A:  15  (79%)  N:  4  (21%)

ALL TS Not  TS



16 In  what  way  are  thermal  spraying  used  in  your  production?

Alternetives
Used  today Planed Not  planed Impossible Used  today % Used  today % Used  today %

1 Stand-‐alone  systems 8  (73%) 0  (0%) 2  (18%) 1  (9%) 8 73% 8 73% -‐ -‐ 11/37  (30%)
2 Integrated  in  the  production  line 4  (50%) 0  (0%) 3  (38%) 1  (12%) 4 50% 4 50% -‐ -‐ 8/37  (22%)
3 Multi-‐application  station 4  (44%) 0  (0%) 5  (56%) 0  (0%) 4 44% 4 44% -‐ -‐ 9/37  (24%)
4 Mobile  application 3  (30%) 0  (0%) 6  (60%) 1  (10%) 3 30% 3 30% -‐ -‐ 10/37  (27%)
5 Combination  or  hybrid  application 1  (14%) 0  (0%) 6  (86%) 0  (0%) 1 14% 1 14% -‐ -‐ 7/37  (19%)

20 211% 20 211% -‐ -‐

17 What  types  of  materials  are  coated  with  thermal  spray  in  your  production?

Alternetives
Used  today Planed Not  planed Impossible Used  today % Used  today % Used  today %

1 Ferrous  metals 10  (83%) 0  (0%) 2  (17%) 0  (0%) 10 83% 10 83% -‐ -‐ 12/37  (32%)
2 Non-‐ferrous  metals 9  (82%) 0  (0%) 2  (18%) 0  (0%) 9 82% 9 82% -‐ -‐ 11/37  (30%)
3 Polymers 2  (20%) 0  (0%) 8  (80%) 0  (0%) 2 20% 2 20% -‐ -‐ 10/37  (27%)
4 Organic  materials 1  (10%) 0  (0%) 8  (80%) 1  (10%) 1 10% 1 10% -‐ -‐ 10/37  (27%)
5 Ceramics 8  (67%) 0  (0%) 4  (33%) 0  (0%) 8 67% 8 67% -‐ -‐ 12/37  (32%)

30 262% 30 262% -‐ -‐

18 Considering  the  thermal  pray  coatings  your  company  use,  what  kind  of  function  to  they  serve?

Alternetives
Used  today Planed Not  planed Impossible Used  today % Used  today % Used  today %

1 Protection  against  abrasion 11  (100%) 0  (0%) 0  (0%) 0  (0%) 11 100% 11 100% -‐ -‐ 11/37  (30%)
2 Thermal  barriers 7  (64%) 0  (0%) 3  (27%) 1  (9%) 7 64% 7 64% -‐ -‐ 11/37  (30%)
3 Restoration  of  parts 7  (78%) 0  (0%) 2  (22%) 0  (0%) 7 78% 7 78% -‐ -‐ 9/37  (24%)
4 Sealing  coatings 5  (56%) 0  (0%) 4  (44%) 0  (0%) 5 56% 5 56% -‐ -‐ 9/37  (24%)
5 Anti-‐corrosion  coatings 9  (82%) 0  (0%) 2  (18%) 0  (0%) 9 82% 9 82% -‐ -‐ 11/37  (30%)
6 Electrical  conductivity  /  resistance  coatings 4  (44%) 0  (0%) 5  (56%) 0  (0%) 4 44% 4 44% -‐ -‐ 9/37  (24%)
7 Anti-‐friction  coatings 7  (70%) 0  (0%) 3  (30%) 0  (0%) 7 70% 7 70% -‐ -‐ 10/37  (27%)

50 494% 50 494% -‐ -‐

19 Do  you  find  it  difficult  to  follow  the  development  in  the  area  of  thermal  spraying?
(Multiple  answers  can  be  selected)

Alternetives
None Insignificant Ordinary Large Huge
1 2 3 4 5 Mean: Mean: Mean:

1 The  development  of  materials 3  (27%) 1  (9%) 5  (45%) 2  (18%) 0  (0%) 2,55 1,08 2,55 1,08 -‐ -‐ 11/37  (30%)
2 Product  development  /  construction  design 3  (27%) 1  (9%) 5  (45%) 1  (9%) 1  (9%) 2,64 1,23 2,64 1,23 -‐ -‐ 11/37  (30%)
3 Meet  mechanical  product  properties 2  (18%) 3  (27%) 4  (36%) 1  (9%) 1  (9%) 2,64 1,15 2,64 1,15 -‐ -‐ 11/37  (30%)
4 Production 2  (18%) 3  (27%) 4  (36%) 1  (9%) 1  (9%) 2,64 1,15 2,64 1,15 -‐ -‐ 11/37  (30%)
5 Manufacturing  systems 1  (9%) 4  (36%) 5  (45%) 1  (9%) 0  (0%) 2,55 0,78 2,55 0,78 -‐ -‐ 11/37  (30%)
6 Manufacturing  process 2  (18%) 3  (27%) 5  (45%) 1  (9%) 0  (0%) 2,45 0,89 2,45 0,89 -‐ -‐ 11/37  (30%)

20 Is  the  thermal  spray  technique  that  you  use  today  restrictive  in  any  way?
(Multiple  answers  can  be  selected)

Alternetives
None Insignificant Ordinary Large Huge
1 2 3 4 5 Mean: Mean: Mean:

1 To  low  productivity 2  (18%) 4  (36%) 4  (36%) 1  (9%) 0  (0%) 2,36 0,88 2,36 0,88 -‐ -‐ 11/37  (30%)
2 Inadequate  quality 4  (36%) 5  (45%) 2  (18%) 0  (0%) 0  (0%) 1,82 0,72 1,82 0,72 -‐ -‐ 11/37  (30%)
3 Inability  to  spray  desired  material 3  (27%) 6  (55%) 2  (18%) 0  (0%) 0  (0%) 1,91 0,67 1,91 0,67 -‐ -‐ 11/37  (30%)
4 Insufficient  automationability 5  (50%) 3  (30%) 1  (10%) 1  (10%) 0  (0%) 1,8 0,98 1,8 0,98 -‐ -‐ 10/37  (27%)
5 For  low  flexibility  in  the  production 5  (50%) 3  (30%) 2  (20%) 0  (0%) 0  (0%) 1,7 0,78 1,7 0,78 -‐ -‐ 10/37  (27%)

21 In  what  areas  would  you  like  to  have  support  related  to  thermal  spraying?
(For  multiple  choices    rank  the  top  3,  where  1  is  your  first  choice,  etc.)

Alternetives
1 2 3 Amount % Amount % Amount %

1 The  development  of  materials 3  (75%) 0  (0%) 1  (25%) 4 11% -‐ -‐ 4 11% 4/37  (11%)
2 Product  development  /  construction  design 1  (20%) 2  (40%) 2  (40%) 5 14% -‐ -‐ 5 14% 5/37  (14%)
3 Meet  mechanical  product  properties 1  (17%) 3  (50%) 2  (33%) 6 16% -‐ -‐ 6 16% 6/37  (16%)
4 Production 0  (0%) 1  (50%) 1  (50%) 2 5% -‐ -‐ 2 5% 2/37  (5%)
5 Manufacturing  systems 0  (0%) 1  (100%) 0  (0%) 1 3% -‐ -‐ 1 3% 1/37  (3%)
6 Manufacturing  process 1  (20%) 3  (60%) 1  (20%) 5 14% -‐ -‐ 5 14% 5/37  (14%)

23 63% 23 63%

22 What  kind  of  support  instruments  would  you  like  to  have  available?

Alternetives
None Insignificant Ordinary Large Huge
1 2 3 4 5 Mean: Mean: Mean:

Trial-‐and-‐error  experiment 4  (33%) 3  (25%) 2  (17%) 2  (17%) 1  (8%) 2,42 -‐ -‐ 2,42 12/37  (32%)
Knowledge  transfer  from  others 4  (29%) 1  (7%) 2  (14%) 6  (43%) 1  (7%) 2,92 -‐ -‐ 2,92 14/37  (38%)
High  Speed  filming 5  (38%) 1  (8%) 4  (31%) 2  (15%) 1  (8%) 2,38 -‐ -‐ 2,38 13/37  (35%)
Generalization  of  self-‐knowledge  for  reuse 6  (50%) 2  (17%) 3  (25%) 1  (8%) 0  (0%) 1,92 -‐ -‐ 1,92 12/37  (32%)
Simulation  of  the  process 5  (36%) 4  (29%) 3  (21%) 2  (14%) 0  (0%) 2,14 -‐ -‐ 2,14 14/37  (38%)
Simulation  of  deformation  (product  geometry,  fixture,  etc.) 5  (38%) 2  (15%) 4  (31%) 2  (15%) 0  (0%) 2,23 -‐ -‐ 2,23 13/37  (35%)
Education 4  (29%) 1  (7%) 5  (36%) 2  (14%) 2  (14%) 2,78 -‐ -‐ 2,78 14/37  (38%)
Practice  on  equipment 4  (29%) 3  (21%) 5  (36%) 1  (7%) 1  (7%) 2,43 -‐ -‐ 2,43 14/37  (38%)
Possibility  of  external  expertise 4  (29%) 0  (0%) 4  (29%) 6  (43%) 0  (0%) 2,86 -‐ -‐ 2,86 14/37  (38%)
Knowledge  transfer  through  workshops,  with  discussion 3  (23%) 2  (15%) 3  (23%) 5  (38%) 0  (0%) 3,15 -‐ -‐ 3,15 13/37  (35%)

What  support  in  decision  making  would  you  like?
A:  2  (5%)  N:  35  (95%)

Historiska  studier  inom  pressgjutningsverktyg  som  denna  teknik  anväts  på.
inget

What  research  support  would  you  like  to  have?
A:  3  (8%)  N:  34  (92%)

Historiska  studier  inom  pressgjutningsverktyg  som  denna  teknik  anväts  på.
Högskolesamarbete
Draghållfasthet

What  access  to  equipment  would  you  like  to  have?
A:3  (8%)  N:  34  (92%)

Ingen.
provning
Ny  plasma

23 Background  information:

A:  30  (81%)  N:  7  (19%)

A:  30  (81%)  N:  7  (19%)

A:  30  (81%)  N:  7  (19%)

ALL TS Not  TS

ALL TS Not  TS

ALL TS Not  TS

ALL TS Not  TS

ALL TS Not  TS

Name:

Company:  

Your  possition  whitin  the  company:  

ALL TS Not  TS

ALL TS Not  TS

http://www.netigate.se/services/survey/old/view.asp?id=14396060&surveyid=80281
http://www.netigate.se/services/survey/old/view.asp?id=14396066&surveyid=80281
http://www.netigate.se/services/survey/old/view.asp?id=14396067&surveyid=80281
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