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ABSTRACT 

This paper is based on a study carried out at Aitik Boliden mine in Gällivare in the spring of 
2008. At the Aitik mine there are a number of electric rope shovel machines used for loading 
both ore and waste rock onto trucks. During loading and hauling of ore to the truck 
teeth/adapters from the bucket sometimes undetected break off. The undetected tooth follows 
the truck to the crusher where it causes jamming resulting in significant repair cost and 
downtime for the mine production. 
 
This thesis focuses on a method to prevent the teeth/adapter from ending up in the crusher 
Based on an Infrared detection system that reads the bucket profile every time it hauls the ore 
onto the truck. Also other detection system available on the market has been studied and a 
probable preventive maintenance program suggested. 
 
This thesis explores different solutions to the above problem and provides a basis for future 
research in this field. 
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SAMMANFATTNING 

I Aitik gruvan utanför Gällivare används det ett antal grävmaskin för lastning av både malm 
och gråberg. Under lastningen lossnar ibland tänderna från grävmaskin skopa utan att detta 
upptäcks, och följer med truckarna till krossen där de fastnar vilket leder till stora kostnader 
för gruvan p.g.a. långa stillestånd med sänkt tillgänglighet som följd och höga reparations 
kostnader. 
 
Detta ex-jobb fokusera på att studera varför tänderna hamnar i krossen och att hitta möjliga 
lösningar för att förhindra detta med hjälp av en värmekamera som kan avläsa skopprofil 
varje gång skoptömning sker. Även andra detekteringssystem som finnas på marknaden har 
studerats. 
 
Avhandlingen presenterar möjliga lösningar så att tänderna inte hamnar i krossen och inte 
lossnar från grävmaskinskopor. Förhoppningar är att detta arbete också skall ge en grund för 
framtida undersökningar inom området. 
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1.0 INTRODUCTION 

This chapter provides a background to the thesis and explains its purpose. 

1.1 Brief information about Aitik mine 

Aitik is an open pit copper mine that has its own mill. The mine is one of Europe´s largest 
copper mines, although it has a low ore grade mineralization of about 0.28 percent copper, 
0.2g gold/tonne and 2g silver/tonne. The mine employs approximately 400 people. 
(www.infomine.com, 2008-03-10) 
 
The Boliden-owned Aitik mine was opened in 1968. Aitik is located north of the Arctic Circle 
in northern Sweden outside Gällivare town. The mine processes annually 18 Mt of porphyry 
copper ore, producing 17.8 (seventeen point eight million tonnes) Mt of mill tailings and 12-
14 Mt of waste rock. 
 
The Board of Directors of Boliden which is the owner of Aitik accepted 2006 an investment 
of 5.2 billion SEK to double the production from the today’s 18 to 36 million tonnes of ore 
including construction of a new concentrator. Boliden has decided to modify the production 
plan at its Aitik copper mine near Gällivare, Sweden. The result will be that production at the 
mine can be made more effective with increased profit and strengthened cash flow. 
(www.boliden.com, 2006-04-08) 
 

 1.2 Background and problem description 

After drilling and blasting, the ore is loaded onto a truck by electric rope shovel, transported 
and hauled by trucks into the crusher located in the pit. There the ore is crushed and 
forwarded onto a conveyor belt for further treatment in the large concentrator. The metal 
concentrate is later transported by rail to Rönnskär smelter in Skelleftehamn. The waste rock 
is deposited on dumps on both sides of the pit. 
 
During the ore handling it occurs that teeth and adapters break off from the shovel bucket and 
go unnoticed along with the ore into the crusher pit. It becomes a major problem when 
teeth/adapter ends up in the crusher and blocking the ore crushing system, which leads to; 
 

• Costly production downtime to the company. 
• Extraction of the jammed teeth/adapter causes costly considerable and downtime for 

the mine, repair cost 
• Frost of the ore in the crusher in the winters. 
• Damage to the crusher plant during teeth/adapter extraction. 

 
Teeth/Adapter loss from the shovel bucket in Aitik mine has been known for some time and 
has caused substantial losses to the company as a result. Despite this there has been lack of a 
systematic documentation in order to carry out an investigation towards this problem of teeth 
/adapter missing and ending up in blocking the production system. 
 
Statistic derived from the wearing and maintenance section data indicate an average 
installation of 95 new teeth /adapter in the beginning of 2007 to 2008 on two shovel 
machines. The 72 percent installation of which were planned installation due to normal 
frictional wear .The remaining 28 percent installation were unplanned or considered as early 

http://www.infomine.com
http://www.boliden.com
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replacement caused by teeth/adapter missing from the shovel bucket, Appendix 6, 7and 
Figure 4.1 and 4.2 reflects an alarming concern to the problem that needs to be dealt with 
accordingly. 
 
The statistics show clearly that there is a maintenance routine which is followed despite that a 
number of teeth/adapter still goes missing. 
 
The persistence of the problem without a define plan, threatens the company´s efficiency 
towards achieving the planned production capacity and also a good working environment etc. 
 
This project was initiated to analyze the root cause as to the loss of the teeth/adapter and 
thereafter find a cost reliable detection system. This in order to prevent the missing teeth 
/adapter going undetected, thus ending up in the crusher causing production stoppages and 
repair cost 
 
In order to complete the task, the author has taken advantage of the temperature distribution 
on the shovel bucket edges including the tooth and adapter on it plus relevant data from Aitik 
information system database. 

1.3 Aim or purpose 

The main aim of this research is to examine a number of detection systems and methods of 
preventing the shovel teeth and adapter from ending up in the crusher, and determine the most 
reliable system to the harsh mine and northern Scandinavia environment. 
 
The following points are included in this thesis: 
 

• From the maintenance recorded from the shovel bucket, try to follow up and the 
number of teeth/adapter changes in relationship with the graph provided on loose teeth 
and adapters. 

• Collect processed data or the number of times teeth/adapters have jammed the crusher 
and the costs that followed during extraction. The author will examine the year and 
period of costs during extraction 

• Compile and analyze a feasibility study regarding this area. 
• Analyze and discuss the different detecting systems and methods best suited for the 

job. 

1.4 Limitations 

This research is limited to a theoretical analysis of the teeth and adapter detecting systems on 
the market as well as a prototype and their reliability in the mining environment. Other 
additional methods of maintenance that could lead to the prevention of the teeth/adapter 
jamming crusher will also be covered in this study briefly.  
 
However, the development of new detection systems, technical specification, software and 
validation of the actual maintenance program are not included in this thesis. This limitation is 
done in order to add on from the already established maintenance programs and not to 
scrutinize their efficiency. 
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2.0 METHODOLOGY AND TECHNIQUE 

This chapter describes the methods and techniques applied under the thesis 

work in order to fulfill the aim of this study. Analysis of the methods and 

technique is also discussed. 

2.1 Literature and Feasibility report. 

A feasibility study was earlier conducted by Andreas Berggren at Boliden, (Förstudie av 
tandövervakning i Aitik, 2008). This report should determine whether it is possible to 
construct a detection system for missing teeth and if so, what would be the total cost of the 
entire package. Apart from the feasibility report, articles both from the internet, Esco mining 
products (shove bucket and teeth/adapter parts suppliers) and Flir (Infrared camera and 
software Therma Cam literature) were utilized. 
 
Acquiring knowledge for the appropriate methods and techniques for this particular study was 
essential. A frame of reference is also relevant in order develop the deep knowledge required 
for these methods techniques and theories. The extensive information gathered from the 
(feasibility report, literature, etc) will bring out the specific information needed for the 
research. 

2.2 Data collection methods. 

There are various approaches for data collection. In this study interviews, observations and 
archive information database system was used. These fall under the two main groups; 
quantitative and qualitative methods of research and primary and secondary sources of data 
collection.  
 
The accuracy of data collection can impact the final results of the research study or work to 
deem it valid or not. 

2.2.1 Quantitative and qualitative methods and primary and secondary data  

Quantitative methods 
 This method relies mostly on well structured (raw or unprocessed) data e.g. tests samples, 
interviews, document information from database, etc. The collection of data and its 
implementation must suite a wide range of experience to the researcher, to predetermine the 
answers or result categories with the help of mathematical and statistical approaches. (Leedy 
and Ormrod, 2001) The researcher is formal and objective, following a predetermined 
protocol, and keeps a distance from the source. The repetition of this method should be 
capable of bearing the same results. (Patel & Tebelius, 1987) 
 
Qualitative methods 
This method is less objective and less structured than the quantitative method. The researcher 
can change and adjust the data collection protocol by adding or skipping questions in order to 
gather as much information to create a deeper understanding of the prevailing study (Leedy 
and Ormrod, 2001). The researcher can interact with the source in order to be able to check 
the reliability of the information or data gathered. The researcher can also make the 
interviewed feel that his or her answer is crucial to the study or researcher. (Patel & Tebelius, 
1987) According to Leedy and Ormrod qualitative research methods can be used to improve 
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the quality of a survey – based quantitative evaluation by strengthening the design of the 
survey questionnaire and expanding the quantitative evaluation findings. 
Secondary and Primary data  
The primary data, which is generated through the questionnaires, interviews, focus group 
interviews, observations, case studies among others may be qualitative in nature (usually in 
the form of words) or quantitative (usually in the form of numbers or where you can make 
counts from words used (www.brent.tvu.ac.uk, 2008-05-09) 
 
 Secondary data is data that has already been collected by someone else for a different 
purpose than to the intended research. Secondary Data is existing information that has been 
gathered for some purpose outside the planning process. Obtaining Secondary Data in practice 
normally means 'library' or company information database research. The Information is 
computed to serve the actual research purpose. (www.forestry.gov.uk, 2008-05-09) 
 
The secondary data in this study were obtained partly from the companies archive and 
acquired literature sources. 
 
In order to archive the best results the author combined the following methods: qualitative and 
quantitative, secondary and primary data methods during the research compiling to were its 
most applicable. 

2.2.2 Statistics 

Depending on whether the researcher used the current data or measurements statistics can be 
found in primary or secondary data. One gets a clear picture of what is analyzed when the 
researcher computes the raw data or material. (Eriksson & Wiedersheim- Paul 2001) 
 
Here both primary and secondary sources were used as well as quantitative methods for 
handling raw data to arrive to the results and analysis in chapter 4.0. This was done by 
computing the company´s information plus other collected data into costs instigated brought 
about by the teeth/adapter loss. 
 
Furthermore, both primary and secondary sources were used as well as quantitative methods 
for handling of the raw data to get the required results in the results and analysis section. This 
was done by computing the obtained company information into meaning full outcome for the 
end analysis to reveal cost losses and others (control section) this thesis.  

2.2.3 Interview 

According to Andersson (1985) there are two ways to accomplish an interview. One is by 
carrying out an interview, using the quantitative method, well structured questionnaires that 
are easy to perform and cause no obstruction to the researcher and the interviewed.  The other 
is the qualitative method which is less structured, and is open between the researcher and the 
interviewed; the protocol here is not necessarily followed. This type takes more time 
however; a researcher can easily miss the key questions. It is best for an interview of this 
nature to be open with limited questions. 
 
A number of interviews were carried out which required the addition of extra information to 
the thesis. The qualitative method of data collection was used in this section as well as the 
primary and secondary data. The data collected illustrated great success both in the rate and 
amount of information achieved from the responses as well as the engagement of those 
interviewed. 

http://www.brent.tvu.ac.uk
http://www.forestry.gov.uk
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The interviews enabled the use of the quantitative and secondary sources of data to achieve 
the research aim. As an example, some of the company documents from the database which 
were recorded for other purposes were able to be used in the data analysis, through 
interviewing the personnel concerned for relevant areas of responsibility in Aitik. 
The content and names of the people in the interviews were kept anonymous. However, the 
author considers the information acquired through the interviews valid enough to be used as 
foundation for this thesis. 

2.2.4 Observations 

The observations that are considered under primary data were done partly to confirm if it’s 
possible for the operator to see the missing tooth/adapter from his cabin. 
 
Secondly, in one of the observations made during the installation of a new tooth/adapter on 
the shovel bucket was that the author came up with the right questions to put forward to those 
competent personnel in this area: Whether there is a better or an alternative construction 
design of the tooth/adapter fitting to the shovel bucket frame, ways of preventing or 
decreasing the teeth/adapter ending up in the crusher pit 
 
A significant observation was that experience beginning in the operator’s cabin in the shovel 
machine lead to the following: 
 

• The probable angle and position to which the hardware and software of the detecting 
system could be put or mounted on the shovel machine. 

 
• An evaluation of the mechanical requirements for detections system on the shovel 

machine bearing in mind, the heavy vibration during the operational moments and the 
mine environment.  

2.2.5 Archive from company base. 

The documents from the company archives facilitated the future grounds of this research. 
Secondary data gave the author relatively a clear view of the costs, production down time 
brought about by the teeth/adapter jamming the crusher, probable number of times 
teeth/adapter is estimated ending up in the crusher per year and data on the maintenance of the 
teeth/adapter, just to name a few. The archived documents from the company data base were 
rephrase hand in with the department managers with the consent of the supervisors at both the 
University and Boliden. This was because of the company uses a complex coding system for 
documenting which the author had to first decode for this thesis. 

2.3 Image capturing with digital and infrared camera technique. 

The main point in using the digital and IR camera was to obtain a real image of the shovel 
bucket tip profile including teeth/adapter for the future detecting system or prototype. 

2.3.1 Infrared technique 

The method of using IR-camera came about since it is well known that during the machine 
working hours heat develops on the teeth/adapter and bucket edges, due to the friction 
between the rock and bucket outer profile. In order to know the heat or temperature 
distribution at the bucket tip, a heat recording technique was applied using FLIR E25 IR 



6 

camera at different working shift durations. The digital camera Panasonic was used to capture 
the same bucket image as a reference to it. 
The techniques and equipment calibrating, plays an important role for the end results. This 
was attained through the Thermacam literature and having constant dialog with the Damill 
AB Company which is an expert in this field, and also developed a prototype soft ware for the 
detection system.  
 
The proto type detection system is developed based on the hotspots (bucket teeth/adapter) at 
the bucket edge. Collection of different temperature variation was significant or essential   for 
have accurate results. 
 
In this study, the only means of gathering temperature distribution was done using a camera 
Flier E25. Since the shovel emitted heat during the working period, the author was able to 
collect data for future analysis. A distance of approximately 7 meters to the objective was 
observed at an angle between 40° and 75° in order to get the right temperature variations on 
the bucket edges and teeth/adapter. This was more like a quantitative technique of image 
capturing. 

2.3.2 Digital technique 

The digital pictures were taken with a Panasonic camera. This acts as a reference to the IR-
image. To validate the IR- image, there was no need to take many pictures since the machine 
had a permanent design. The outer image did not change with the working duration, neither 
did the distance nor angle that was applied during the image capturing. 
 

 
Figure 2.1:  show the IR- image and its reference by the digital picture. 
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2.4 Method analysis 

In the beginning, a lot of time was spent on coming up with the most effective methods for 
gathering data since the company database contained little material specific t this subject. The 
author with the help of the supervisors and the department managers was able to use 
secondary data like work orders from crusher section and wear parts report from wearing and 
maintenance section to meet the urgency of the analysis. This being a rare and unusual topic, 
the author decided to use the following methods. 
 

• ThermaCam literatures and feasibility study 
The ThermaCam literature included user manuals for the IR-camera, operating conditions 
and general information about the use of the IR-camera. The literature also provided easy 
to follow instructions on how to calibrate the instrument and with open dialogue with 
prototype designers ensured the acquisition of accurate readings from the instrument. 
 
• Interviews and Observation 
These produced highly reliable results since they were carried out a number of times and 
from different points of view. Questions were asked differently, different people were 
asked at different departments and hierarchical levels in the company. 
 
• Database 
The documents availed from the company database were not sufficient and the few usable 
records they contained were too recent.  The records available had been taken over a short 
period of time while it would have been better if statistics taken over a long period of time 
like several years was available. 
 
There was some information missing from the documents from the database, e.g. the 
number of times the crushers were down because they had been jammed by a broken 
adapter and the time taken to extract the broken teeth/adapter from the crusher(down time) 
were all missing from this documentation. This could be attributed to carelessness from 
the people entering the data. 
 
Although the documentation was incomplete in certain aspects, the author with the help of 
department managers was able to extract the most out of the documents which yielded a 
reasonable amount of data used in the analysis. 
 
• Digital and IR-camera 
The equipment was easy to calibrate, operate, extract and record data with the help of the 
thermaCam literature. However due to safety reasons, the images were not captured from 
the recommended angle (from the top of the boomer) but instead from an alternative angle 
with a very negligible variation from the expected results. This was achieved by taking 
advantage of the fact that bucket edges and the tooth/adapter are metals which makes 
them very good conductors of heat. This means that the temperature difference between 
the inside and the outside of the tooth/adapter and the bucket is low since both are 
exposed to friction during the loading and hauling of rock into the truck.  
 
In conclusion, the methods and data are considered adequate to be used in the analysis to 
provide reliable and conclusive results for this thesis. 
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3.0 FRAME OF REFERENCE 

This chapter represents those theories considered to be vital to the analysis in 

this thesis. The chapter gives a base or foundation for the reader and analyzes 

DMAIC under the results and analysis 

3.1 Quality system, ISO 9000: 2000. 

There is always a way to accomplish high quality at a low cost according to Bo Bergman and 
Bengt Klefsjö 2007. Simple measures can repair bad effects and enhance quality and cost 
saving. What is important here is to find those measures. 
 
Through the introduction of a quality management system the company can create a 
documentation system and making it a reliable routine. (Ljungberg and Larsson 2001) 
 
When using the new version of ISO 9000, one can get the overall picture and the management 
perspective that earlier was missing (Bergman and Klefsjö 2007). In other words the emphasis 
laid on management and work improvement that in ISO 9000:2000 can be a foundation for 
high quality work. 

3.2 Efficiency  

Efficiency is of great importance within production and economics. It is decided through the 
relationship between the production and resources used to reach a target or goal. 
Organizations or companies must have a high efficiency to reach a higher target. According to 
Bergman and Klefsjö 2007, integrating the company’s leadership system into a united system 
can improve the planning, sharing of resources and the company’s total effectiveness. 
 
As determined by To Ax et al, 2002 page 17, there are two types of efficiency; the inner 
efficiency is about “”doing the right things “meaning that the company’s internal organization 
takes care of the resources e.g. production, system, routine. The external efficiency “make the 
right things” takes care of the relationship with the surrounding world e.g. quality customer´s 
growth etc. 
 

3.3 Plan, Document and Communication 

The work shall be planned in comparison to the target and strategy. With the help of qualified 
resources one can get important information regarding the problem. The management should 
provide clear orders or information so that every employer knows their duty (who does what). 
Documentation will be required every time in reach the quality requirements.  
Documentation should be like a support in the daily work and like a foundation for quality 
review. (Bergman and Klefsjö 2007)  

3.4 Six sigma 

Six Sigma is the structured application of tools and techniques applied on project basis to 
achieve sustained strategic results. It can also be looked at as a process to define, measure, 
analyze, improve and control DMAIC in order to achieve the less than 3.4 defects or mistakes 
per million opportunities (Cary W. Adams, Praveen Gupta, Charles E. Wilson 2003) 
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4.0 ANALYSIS AND RESULTS 

This chapter describes a way of improving the problem area and the steps taken 

through DMAIC’s six sigma structure. The point is to give the reader a clearer 

view. 

 
DMAIC is the abbreviation of definition define measure analyze, improve and control is part 
of Six Sigma improvement method. E.g. projects and so on. This part of Six Sigma was 
applied to research problem formulation and evaluation form to find possible solutions. 

4.1 Define. 

The Aitik mine is currently faced with problems in its production process. The mine loses a 
significant income. 
 
The author was made aware of this situation after receiving an email from the assigned 
supervisor Arne Vesterberg and after several visits to the mine; the author compiled this write 
up. 

4.1.1 Problem Area. 

The project starts with the author together with his assigner supervisor at Boliden and Luleå 
technology University, and went through that was to be the project study problem research 
area. 
 
The focus of the project was to analyze ways of preventing and stopping of the teeth/adapter 
falling off from the bucket and ending up in the crusher where by detecting system and other 
preventive system were to be analyzed. Here different approaches are analyzed  

4.1.2 Reliable detection system and Preventive methods. 

This is a system that is capable of withstanding those harsh conditions prevailing in the 
mining environment such as, heavy dust, vibration of the machine its self while working and 
from the detonation force, winter darkness, easy to maintain and calibrate etc. A reliable 
teeth/adapter detection system should have a minimum rate of false alarm that could 
otherwise affect its credibility  
 
Regarding the preventative method that already exists  in the maintenance routines of  bucket 
a “daily check up “by the first shifters after the tooth/adapters change should be introduced. 

4. 2 Measure 

Measure is used to quantify the problem, by using actual data. 
 

• The time to planned preventative maintenance implementation and unplanned 
maintenance of both teeth/adapter and the bucket edge. 

• Number of times the teeth/Adapter it has been change in almost a year’s period. 
• The number of times the crusher has stopped because of teeth/Adapter jam in a year. 
• Loss in production time due to the crusher being down in the same period mentioned 

above. 
• How much production in terms money was lost? 
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4. 2. 1 Classification of the collected data 

The Statistic in Appendix 6, 7 and Figure 4.1 and 4.2 reflects the number of teeth/adapter 
installation from the beginning of 2007 to the beginning of 2008 on two shovel machines. 
Figure 1 and 2 show planned installation due to normal frictional wear and unplanned 
installation or early replacement caused by teeth/adapter breaking missing from the shovel 
bucket. 
 

 
Figure 4.1: Teeth and adapter maintenance for shovel machine BE495-1160 
 

 
Figure 4.2: Teeth and adapter maintenance for shovel machine P&H-1150 
 
In table 4.1 the annual number of times the crusher has had to stop because of teeth/Adapter 
jamming as well as the estimated loss in production. Note that it is assumed that the four Aitik 
crushers are operating parallel to each other, producing the same volume and that the distance 
between them is negligible. 
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Table 4.1: Showing one crushers production down time. 
Crusher stop in a Year’s  period Amount  

Average Number of times 9 
Average Production loss per kr 22 053 082 kr 
Average Stop time in year (hours) 324 
Average Production of ore tonne loss year 
(tonne)  166438 
 

4. 2. 2 Risk evaluation analyses of the previous point 

The consequence of the untended losses of the teeth/adapter from shovel bucket can lead to 
significant income loss in terms of production profits. The Mines profits are further depleted 
by those unplanned extraction and repair costs. Without any steps taken production efficiency 
in the mine could be hard to achieve. 

4. 3 Analysis 

4. 3.1 Process description  

One can state that it’s a chain reaction which beings with the loading and hauling of ore to the 
truck which transports the ore to the crusher pit. There it is crashed into smaller particles, 
from the crusher the ore is taken for further processing. 
During hauling of the ore sometimes the teeth/adapter breaks off the shovel bucket and if their 
go unnoticed, often ends up jamming the crusher. As a result, extraction of the teeth/adapter 
and replacements are put in action.  
 

 
Figure 4.3: Illustration of the processes cycle. 
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Figure 4.4: Bucket teeth/adapter in good condition 
 
In order to fully analyze and come up with solutions preventing the teeth/adapter missing 
from bucket, it is rather important to fully understand the fittings structure between the set 
(tooth/adapters and the bucket edge frame structure). 
 
The teeth/adapter weighs almost 450kg when new. During the replacement of the 
teeth/adapter, a tractor or sledge hammer is used to install the C-clamp and wedge into the 
bucket frame to hold teeth /adapter in place. The tooth is fitted onto the adapter before or after 
installation to the bucket. The C-clamp is inserted first and maneuvered into its position in the 
bucket frame. The wedge helps to hold the adapter firmly between the bucket and the C-
clamp. The wedge is forced in between the C-clamp and the adapter using a tractor or sledge 
hammer, though it does not fully sinks to its end. The protruding part of wedge is forced down 
by the rock pressure during the loading and hauling of the ore or waster rock which has 
greater pressure per square inch than the tractor or sledge hammer that used. The installation 
takes an average approximately time from 2 to 4 hours according to the maintenance division.  
 
A special line on the adapter indicates the wearing degree in that way it provides the 
maintenance crew as to when replacement is due. The bucket has a special gauged that shows 
how to rebuild it to the recommended level. 
 

 
Figure 4.5: Adapter /Tooth, C-clamp and wedge Installation. 
 
During the working period, the shovel bucket edge tips heat up due to the friction between the 
bucket surfaces in contact with the rock. The temperature distribution is shown clearly with 
the thermo camera.  

New Adapter 

C-Clamp 

Wedge 
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Figure 4.6: Infrared image, indicating heat distribution on a shove bucket tip and camera 
settings. 

4. 3.2 Crusher working condition. 

The crusher consists of an inverted cone called a concave sitting over a conical head which in 
turn sits on a vertical shaft driven by spiral gears connected to a counter shaft. The ore is fed 
into the crusher at the top of the crusher and the shaft causes the head to move in elliptical 
path crushing the ore against the inside surface of the concave into smaller particles. The 
crusher is controlled by hydraulic mechanisms and the amount of movement between the head 
and the concave is known as the eccentric throw. As shown in figure 4.7. 
 

 
Figure 4.7: Illustrating of a cone crusher (Picture has no connection or likeness to Aitik 
crusher design etc.) (www.goodquarry.com/)  
 

http://www.goodquarry.com
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4.3.3 Failure in the process system 

Bucket area. 

• Scraping of wall  
When scaling the surface with the shovel bucket teeth, in order to effectively clear the 
walls of any boulder that can fall hitting the truck, a lot of pressure is exerted on the teeth. 
Furthermore, when teeth have different length, enormous force is applied to the longest 
tooth, resulting in breaking of the whole adapter from the bucket. 

 

• Frictional wear. 
This occurs due to the friction between the bucket and the rock when digging, loading or 
hauling the ore in the truck. In the long run, if not properly serviced, the adapter together 
with the teeth will break off, since they are exposed to more stress than the material 
strength can handle. 

 
• Wedge leveling. 
Under the first working shifts after that a new tooth/adapter has been installed into the 
bucket frame, there is continuous pressure exerted by the rock onto the wedge top that still 
protrudes from the inner or inside bucket surface. With time the wedge is compressed to 
the right level as the rest of the bucket inner surface. This results in expose of the wedge 
bottom, and every time the teeth/adapter digs into the rock, the wedge is hit and at a 
certain point it can completely hit out of its position which causes the tooth/adapter to 
break off the bucket frame. 

 

 
Figure 4.8: Wedge protrusion beneath shovel bucket. 
 
Crusher area 

• crusher jamming 
When the ore containing a broken adapter or teeth ends up in the crusher the adapter or 
teeth is unable to pass through the crusher. It takes a while before the teeth or adapter has 
forced the crusher to a complete stand-still. The continuation of other trucks hauling into 
the crusher pit results in a hill of rock ore above the crusher. Sometimes there is a boulder 
that has to be blasted in order to extract the tooth/adapter from the crusher pit, see figure 
4.9. 
 
During the winters the adapter jamming the crusher causes ice building in the ore heap. 
This happens when the warm air from below goes through the cold ore which can be as 
cold as – 35 ° C causing it to hardening the heap like a stone. The hardened ore has to be 
blasted, which sometimes damages the crusher  

C- Clamp 

Adapter 

Protruding 

Wedge 
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Figure 4.9: Illustration of a jammed crusher (Picture has no connection or likeness regarding 
Aitik crusher design etc.) (ibid) 
 

4.3.4 Consequences  

Bucket area 

When the teeth/adapter breaks off the shovel bucket and go unnoticed by the operator and the 
rest of the crew. The frame where it sat is exposed to additional friction and wearing during 
the loading and hauling of the rock mass. This causes the main frame thickness to wear out 
and when a new teeth/adapter is mounted it does not fit on the frame as intended. This leads to 
the recurrence of the teeth/adapter falling off. 
 
Crusher area 

 

Dysfunctional crusher 

The crusher being jammed by broken teeth/adapter causes significant production losses, 
which often lead to economical loss. 
 

• Extraction 
The extraction of teeth or adapters from the crusher leads to unplanned expenses and 
increased risk of damaging the plant during the process of extraction. In the case when 
boulder has to be detonated to give way for excavation work, repairing costs are often 
very high. 
 
• Ice building  
This arises under the winter period when the crusher is standing still and the crusher pit is 
filled up with ore. The warm moisture air from below the crusher circulates upwards in 
with the pit from the bottom towards the colder part of the pit out let. This results to 
condensation and eventually solidifying of the ore heap because of the extreme coldness 
outside the pit. 

 

Boulder 

Jammed 

adapter 
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Figure 4.10: Illustration Ice building in a jammed crusher (Picture has no connection or 
likeness regarding Aitik crusher design etc.) (ibid) 

4.3.5 Solutions  

Strengthen of maintenance program and force 
In order to decrease the wearing of the bucket edges and the wedge being hit out of its 
position, there should be an additional maintenance procedure. This could include “daily 
checkups” of the wedge length in case of protruding wedge edges. Trimming it from beneath 
the bucket to maintain right surface level, secures it from beginning hit out of its intended 
position during loading.  
 
In the case of wearing, a teeth/adapter detection system solves problem since it send off an 
alarm when as soon as the tooth/adapter break off. The maintenance programs could be 
adjusted from year´s general maintenance to include a six month short maintenance. 
 

• Scaling of walls 
According to the reserve and maintenance section of the bucket the teeth/adapter breakage 
can be prevented by filling the bucket full before the scaling. This acts as a counter force 
on the teeth/adapter 
 

• Un propositional teeth length 
This could be solved by changing the entire set at once in order the achieve 
proportionality of the teeth /adapter profile distribution. 

4.3.6 Description of the detection system and preventive methods 

This section describes different ways to stop this problem including a number of (probable) 
detection systems and methods of preventing the teeth/adapter breaking off and ending up the 
in crusher. 
 
Detections systems 

Cold air  

Warm air from 

below or the inside 

Jammed adapter 

Ice building in ore or 

Frozen ore  



19 

• Infrared –camera (prototype) 
The system involves an IR-camera mounted on top of the shovel which sends images of 
the teeth/Adapter as hotspots to a software system every time the shovel hauls ore onto a 
truck. The software is pre-programmed with the number of teeth/Adapter on the shovel 
hence if the number of hotspots sent to it in the image from the IR-Camera is not correct, 
it triggers off an alarm and so the truck driver offloads the ore onto a special location 
where the teeth/Adapter is extracted from the ore. 

 

 
Figure 4.11: Illustration test code example when all teeth are found. 

 

• TV Camera based systems  

 

Camera picture analysis software 
This system reads the bucket edge profile constantly and comparing it with the pre-saved 
image using highly advance algorithms, matrix processes. If the real time profile does not 
match with the pre-saved image system, it sends an alarm to the operators. 
 
TV-Camera  
There are other alternatives which are cheaper through a TV-Camera which shows a real 
time bucket image of the shovel bucket to the operator whenever he has hauled the load 
into the truck. To mark easier the picture is frozen until the next round of hauling, which 
gives more time for properly observation of the bucket profile. (Anders Berggren 08-02-
16)  
 

• Tooth metrics. 
This monitors the bucket edge profile continuously using advance sophisticated computer 
vision techniques. The machine operator gets real time image of the bucket´s 
teeth/Adapter. The software alerts the operator by alarm in case of a missing teeth/adapter. 
(www.motionmetrix.com, 2008-03-20) 
 
• Distance based. 
This is done using a laser distance measuring device e.g. LMS 21O. This is base on a 
system called “time of flight” principle. Meaning that a bouncing laser ray is pointed at 
the objected and measures time before it is reflected back to the laser source. In case the 

http://www.motionmetrix.com
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adapter is missing the laser ray will take longer flight time than programmed thus setting 
off an alarm. 
 

• Norska system  
The so called “norska” is in fact a kind of working system based on condition between the 
shovel machine operator and the truck drivers. After the last bucket is hauled into the 
truck, the shovel operator sets the bucket at an angle where the next truck driver sees 
clearly tooth profile. In case of any deviation, the previous truck is radioed to planned 
damping site away from the crusher pit. 
 
• Alternative design of tooth and adapters install fitting on the shovel frame than 

the actual ones. 

4.3.7 Establishment of the damage expense 

Through quantifying of the cost expense brought about by the break downs, it is easy to 
motivate the improvement measures of the problem. 
 
These results are derived from; interviews, observations, and data from the archive in order to 
get the approximate expense brought about by the breaking off the teeth/adapter from the 
shovel bucket. 
 
In table 4.2 the annual estimated damage expenses incurred by the teeth/adapter ending up in 
the crusher and jamming the production system, repair cost brought about the extraction plus 
the percentage losses .(Appendix 1,2 and 2.1) Note. That it is assumed that the four Aitik 
crushers are operating parallel to each other, producing the same volume and that the distance 
between them is negligible. 
 
Estimated annual expense and loss brought about by the teeth/adapter ending up in the 

crusher pit. 
Table 4.2: Annual expenditure and loss due to production down time 
Object Kr. / Hrs / Tonne

Total down time 324 hr
Total Production loss 166438,4 tn
Total Production income loss 22 053 082 kr

Repair costs 1 247 400,00 kr
Repair cost to damaged plant 1 000 000,00 kr

Percentage loss 4%  

4.3.8 Establishment of improvement target. 

The suggested target goal that is achieved with a reliable teeth/adapter detection system and 
with an additional maintenance routine is the company’s production downtime percentage can 
be reduced enormously. In this case, the production downtime that is taken into consideration 
is the one brought about only by the undetected teeth/adapter falling off from the shovel 
bucket and ending jamming the crusher.  
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The 93% is the percentage estimated amount of money the company is expected to save in 
terms of financial losses incurred without a reliable teeth detection system. The percentage is 
derived from the annual estimated financial loss brought about by the crusher downtime, and 
to the estimated expenses related to a reliable teeth detection system. 
 
Table 4.3: Theoretical reduction percentage of the production downtime loss (See Table 4.4 

for further details) 
Source SEK KR.

Total estimated Loss 24300482,19
Total detection sys.expense 1726000
Difference 22574482,19

Theoretical reduction 93%  
 

4. 4 Improve 

4.4.1 Solution proposal 

A number of solutions were put into consideration in order to come up with the appropriate 
improvement methods these included; the “norska system”, Infrared bases detection systems, 
T.V Camera based detection systems, Tooth metrics detection systems, and distance based 
detection systems and different preventive measure, building and training a special extraction 
squad which is likely to react fast, documentation of each incident regarding the relevant area 
to be used as reference for research in the near future.  
 

4.4.2 Priority 

Based on the previous points the proposed solutions should have the following qualities; 
 

• Reliable  and cost effective 
• Practicable  “short time” 
• Able to reduce the production downtime enormously. 

 
Reliable and cost effective 

The system should be capable of withstanding harsh conditions prevailing in the mining 
environment, e.g. heavy dust, vibration of the machine its self while working detonation 
force, winter darkness, easy to maintain and calibrate etc. A reliable teeth/adapter detection 
system should have a minimum rate of false alarm that could otherwise affect its credibility  
The system or prevention method should not be expensive in proportions to the functions it is 
designed to carry out. 
 
Practicable “short time” 
The method of preventing the teeth/adapter loss from shovel bucket and ending up in the 
crusher should be developed or implemented in sensible time frame. It should not take a very 
long time to develop because of the fast changing technology, changes in the mineral market, 
and the urgent need to cut the production losses.  
 
Able to reduce the production downtime enormously 
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The methods used should be able to solve the prevailing problem at the same time being able 
to attain the target reduction in the production downtime. 

4.4.3 Proposed Solutions 

Appropriate methods for both prevention and detection of the teeth/adapter, missing from the 
shovel bucket and ending up in the crusher pit at the same time also achieving the enormous 
percentage of reduction target in the production downtime.  
 
In the extraction process it sometimes occurs that the crusher plant is damaged by the 
detonation of the bolder to give way for extracting the teeth/adapter from the crusher pit. This 
results in the repair cost increasing enormously. 
 
Table 4.4: Theoretical reduction production downtime and detection system investment cost.  
Estimated annually loss No demaged  SEK Plant damaged  SEK 

Repair cost 1247400 2247400
Total estimated Loss 22053082,19 22053082,19
Total estimated loss 23300482,19 24300482,19

Detection system investment costs

TK 30000
Student.Ltu 20000
Cost of 3 detection prototype to 3 shovels 900000
Extra worker 276000
Detection system up to installation + staff training 500000
Total estimated .investment done* 1726000

Tot.estimated loss - Tot.detection sys.inve.sum 21574482,19 22574482,19

Theoretical reduction 93% 93%

*Estimated cost of Prototype 300000  
 
Below are some of the most appealing methods towards solving the problem. 
 

• A detecting system based on the infrared system. 
• Additional daily checking maintenance routine. 
• Improving of the documentation regarding the up come errors in the process(missing 

teeth, adapter, jamming, etc) 
 
Ares that can increase the efficiency of the chosen solution (more effectiveness to them) 
based on assumption. It is essential for company to back the selected areas in order to attain 
the intended efficiency  
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Table 4.5: Efficiency increase 

 

4.4.4 Counter measures 

The Aitik officials concerned and the assigner supervisor meet to discuss the implementation 
of one of the detecting systems that was to be installed. A decision was reached to use the 
infrared based prototype for the future teeth/adapter detecting system. 
 
The rest of the solutions have not yet been presented to the managing official concerned in 
Aitik mines. 

4.5 Control 

Cost saving 
Considering the solutions and improvements mentioned previous in paragraph (4.4.1 to 4.4.3) 
plus the target goal of reducing the company’s production downtime percentage enormously 
with a reliable teeth/adapter detection system and with an additional maintenance routine. 
 
Documentation and communication 

In order to keep up with quality requirements, it is important to follow up the case through 
documentation and the company to share the achieved results. The results can be used for 
promoting or marketing the working method of Six Sigma. 
This thesis can be seen as a guideline to the working method for the internal organization 
through the publicizing achieved results. 
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5.0 DISCUSSION AND CONCLUSION 

5.1 Discussion 

Activities 

In the beginning, a lot of time was spent on coming up with the most effective methods for 
gathering data since the company database contained little material specific to this subject. 
However, the author with the help of the supervisors and the department managers was able to 
use secondary data to meet the urgency of the analysis. 
 
I think it is also important to keep the workers up-to-date with the ongoing in the company to 
foster the feeling that they are part of the company and not just working for it. For work to be 
satisfying, it is important for workers to get access to the current information and 
communications in order for them to have a feeling of responsibility (Bergman and Klefsjö 
2001) 
 
Reduction  
The target is reduction of the company’s production downtime percentage with a reliable 
teeth/adapter detection system and an additional maintenance routine. In this case, the 
production downtime that is taken into consideration is the one brought about only by the 
undetected teeth/adapter falling off from the shovel bucket and ending jamming the crusher. 
 
The 93% reduction in losses is calculated for only the losses brought about by the broken 
teeth jamming the crusher. It should be noted that the company could have other losses caused 
by different factors but this study concentrates on the jamming of the crusher. 
 
Documentation procedures 
The company should have proper documentation procedures properly showing who should 
record what, the format in which to record the information and a well organized reliable 
database for easy retrieval of the document s whenever they are required in the future. 
Lastly this work, it is hoped will generate further studies in the ways of preventing shovel 
bucket teeth and adapters from jamming the crusher. This work will also act as a guideline 
with the intention of decreasing or prevention of the crusher jamming due to teeth/adapter 
loosing from the shovel bucket.  
 

5.2 Conclusion 

As observed during the installation of new teeth/adapters, the tools being used to fix the 
teeth/adapter on the shovel bucket were a bit hazardous to the crew like the use of a hammer 
to driver in the wedge into is fitting in the shove bucket. I thought that the company could 
consider using new teeth/Adapter installation systems which have designs that offer firmer 
fittings for the teeth/adapter onto the shovel bucket.  
 
It was also noted that when a worn out tooth/adapter was noticed for example during a routine 
check and replaced immediately, only one shovel machine was put out of production for 
approximately 3 ½ hours while when a crusher was jammed by a broken tooth/adapter it took 
between 1 ½ to 6 days for the tooth to be extracted and sometimes the extraction could cause 
damage to the crusher. 
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While analyzing the IR based detection system, the designer specifies that the camera is to be 
mounted on top of the boomer from where it will capture the images of the teeth/adapters 
sending them to software system, It was not possible to capture the images from there because 
of a special stand specifically designed for this purpose had to be used to mount the camera 
there had not yet been designed. Instead the images were taken from the front of the shovel 
bucket. 
 
This study was undertaken with the aim of studying, analyzing and recommending the most 
reliable and effective detection system to avoid broken teeth/Adapter from jamming the 
crusher. Several systems were considered and the following findings were identified; 
 

a) It is possible to bring down the production costs and increase the profits of Boliden by 
implementing a prototype detection system for preventing teeth/adapter that have 
fallen off the shovel bucket from jamming the crusher. 

 
b) Through observations and interviews, it was learnt that the major cause for the 

teeth/adapter falling off the shovel bucket was the wedge falling out of its position in 
the socket where it held the teeth/adapter securely on the shovel bucket. However 
there was no documented or scientific proof for this as there were no specific reports 
made every time tooth/adapter break off the shovel bucket. 

 
The author also considered an alternative detection method (the Norska system). However, it 
is considered unreliable because of it is subject to human errors, people are likely to get tired 
plus there is no log file to go back and refer to as to what went wrong. 
 
It can be concluded that the data from the company archives/database was not sufficient so the 
results of this study were considerably based on data gathered by other methods like 
observations, interviews, etc. 
 

5.3 Criticisms  

Because of the shortage of time, the respondents that were interviewed were not able to 
produce all the required documentation to support or fully explain their answers to the 
questions. 
 
The detection system was fully analyzed theoretically but the practical implementation 
was not tested because the planned implementation was out of the time scope of this 
study. 
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6.0 RECOMMENDATIONS 

• Both the detection system and preventive measures should be implemented hand in 
hand. The preventive measures will help minimize the number of times of the teeth 
falling off the shovel bucket while the detection system will prevent the teeth/adapter 
from jamming the crusher in the event that the teeth/adapter break off the shovel 
bucket. 

 
• In addition to the routine maintenance, daily checking of the teeth/adapter is important 

to help identify worn out teeth as soon as possible so that they can be replaced 
immediately and also to monitor newly installed teeth/adapters’ wedge length 
protrusion beneath the bucket. 

 
• New teeth/adapter installation systems should also be considered because there are 

some designs that offer firmer fittings which will reduce the chances of teeth/adapter 
falling off the shovel bucket. 

 
• Other approaches should also be considered e.g. benchmarking which is utilized when 

a company compares its own processes with other similar processes from other 
companies and make use of it. Bench marking, which refers to searching after the best 
working methods that can lead to superior operational capability according to Camp 
(1989) in ”Kvalitet from behov till använding” of  Bo Bergman  and Bengt Klefsjö.( 
2001) 
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8.0 GLOSSARY 

Description of terms unique used in the thesis or teeth as follows: 
 
1. Atmospheric temperature: In this context gas between the object being measured and the 
camera, normally air 
 
2. Boulder: A large rounded mass of rock lying on the surface of the ground or embedded in 
the soil or other rock mass 
 
3. Damill AB: A private company in Luleå 
 
4. Data: Individual facts, statistics, or items of information. 
 
5. Emissivity: The amount of radiation coming from an object, compared to that of a 
blackbody or measure of how efficiently a material to radiates infrared energy a number 
between 0 and 1. 
 
6. Feasibility report: This type studies a situation (for example, a problem or opportunity) and 
a plan for doing something about it and then determines whether that plan is "feasible" which 
means determining whether it technologically possible and whether it is practical (in terms of 
current technology, economics, social needs, and so on). The feasibility report answers the 
question "Should we implement Plan X?" by stating "yes," "no," but more often "maybe." Not 
only does it give a recommendation, it also provides the data and the reasoning behind that 
recommendation. 
 
7. Hauling: In this context refers to removing or offloading of a material  
 
8. Infrared camera: A thermograph camera used to "see" and "measure" thermal energy 
emitted from an object. 
 
9. Prototype: An original, full-scale, and usually working model of a new product or new 
version of an existing product. 
 
10. Reflected apparent temperature: The apparent temperature of infrared energy reflected 
from a surface. 
 
11. Relative humidity: Percentage of water in the air, relative to what is physically possible.  
 
12. Scaling: In that context refers to the removing of loose rocks from the side or roof of a 
blasted area  
 
13. Statistics: The science that deals with the collection, classification, analysis, and 
interpretation of numerical facts or data, and that, by use of mathematical theories of 
probability, imposes order and regularity on aggregates of more or less disparate elements. 
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APPENDICES 

Appendix 1 Repair and extraction cost  

Table 1: Illustrates Repair and extraction cost for teeth/adapter in the crusher 
Number of times SEK/hr or hr Total

Tractor 1 500 500,00 kr
Excavator 1 1600 1 600,00 kr
Labour person 4 350 1 400,00 kr
Detonator 350 350,00 kr
Average stop 9 36 324,00 kr

Total sum 1 247 400,00 kr

Plant damage cost 1 000 000,00 kr

Total sum +Plant 2 247 400,00 kr
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Appendix 2 Annual Production down time and related financial loss 

Table 2: Illustrates Annual financial loss due to production downtime 

  Year prod. For the 4 crushers 

Year prod. for 1. 

crusher 

Annual production YP (tonne) 18000000 4500000 
Total hours in a year T.hrs (hrs) 8760 8760 
Average Ore value per tonne OV (Kr) 132,5 132,5 
Total year income YP*OV (Kr) 2385000000 596250000 
Down time hrs per stop DT 36 36 
Ore loss/hr in tonnes YP/T.hr 

(tonne/hr) 2054,8 513,7 
Total stop numbers a year Nr.S 9,0 9,00 
Total down time in year DT*Nr.S (hrs) 324 324 
Total loss ore in year Tot.L (tonnes)  665753,4 166438,4 
Year loss OV*Tot.L (kr) 88212328,8 22053082,2 

 

 

Table 3: Explains the abbreviations used in Table 2. 

Abbreviation Complete form 

YP (tonne) Annual production  in tonnes 

T.hrs (hrs) Total hours in a year  (hrs)  

OV (Kr) Average Ore value per tonne  (Kr) 

YP*OV (Kr) Total year income  = Year production *Year production   (Kr) 
DT Estimated down time hrs per stop, according to Maintenance section 
YP/T.hr 

(tonne/hr) Ore loss/hr in tonnes * Annual tonnes production  

Nr.S 

Estimated number of times teeth/adapter jamming the crusher,  (Maintenance 
section) 

DT*Nr.S (hrs) Total down time in year =Down time hrs per stop *Total stop numbers a year (hrs) 

Tot.L (tonnes)  Total loss ore in year = Total down time in year *Ore loss/hr in tonnes  (tonnes)  

OV*Tot.L (kr) Year loss = Average Ore value per tonne * Total loss ore in year (kr) 
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 Appendix 2.1 Year’s percentage loss caused by production downtime 

Table 4: Annual percentage loss due to production down time 
Percentage of loss per year   Percentage 

Year loss in kr Year  loss /Total year income  4% 
Total loss ore in year Tonne Total loss ore /Year production 4% 

Down time in hr lost 
Total down time in year/Total hours in a 
year  4% 
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Appendix 3 Production down time in a year 

Table 5: Illustrates the Estimated average Ore value price per tonne (Boliden 2008-May) 
Period under 2008 Ore value SEK  

First4 month of the year 115 
Under May period 150 
Average years period 132,5 
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Appendix 4 shovel bucket teeth and adapter 

 
Figure 1: Shovel bucket teeth and adapter position number 
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Appendix 5 Wearing and maintenance statistics 

Table 6: Wearing and maintenance statistics for shovel machine BE495-1160 (9 Pos, 
Appendix 4). 
Date MISSING Normal wear Total 

2007-04-21  1 1 
2007-04-23  4 4 
2007-04-24  1 1 
2007-04-26 2  2 
2007-05-07 1  1 
2007-05-09 6  6 
2007-05-19 1  1 
2007-07-20  2 2 
2007-07-30 1  1 
2007-07-31 1  1 
2007-08-04 1 1 2 
2007-08-07  1 1 
2007-08-29  1 1 
2007-09-04  10 10 
2007-11-07 1 1 2 
2007-11-08 1 5 6 
2007-11-15 1  1 
2007-12-07  2 2 
2007-12-09  1 1 
2007-12-20 1 1 2 
2007-12-21 1  1 
2007-12-31  2 2 
2008-01-01 1  1 
2008-01-17  4 4 
2008-01-20  2 2 
2008-02-08 1  1 
Total 20 39 59 
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Appendix 6 Wearing and maintenance statistics 

Table 7: Wearing and maintenance statistics for shovel machine P&H-1150 (7 Pos, Appendix 
4). 
Date MISSING Normal wear Total 

2007-02-01 1 1 2 
2007-02-23 1  1 
2007-04-09  1 1 
2007-04-24  2 2 
2007-05-07  1 1 
2007-05-12  2 2 
2007-05-17  1 1 
2007-06-02  2 2 
2007-06-24  2 2 
2007-06-25 1  1 
2007-06-29  3 3 
2007-07-08  4 4 
2007-07-23 1  1 
2007-07-25  2 2 
2007-10-01 1  1 
2007-10-02 1  1 
2007-10-06  1 1 
2007-10-22  1 1 
2007-10-24  1 1 
2007-11-07  3 3 
2007-11-10  1 1 
2007-12-18  1 1 
2008-02-27 1  1 
Total 7 29 36 
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Appendix 7 Infrared camera settings and model  

Table 8: Shows Infrared camera settings and model 
Settings and model 

Camera Model E24

Emissivity 0,90
Reflected apparent temperature 20,00
Atmospheric temperature 20,00

Relative humidity 30,00
Distance 2,00

 

 




