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Abstract 
Since quality management is an important cornerstone of a quality business, to pursue a rigorous 
manufacturing process becomes an essential aspect for companies. The quality improvement 
field is the one covered in this thesis project. 
Sandvik Mining Rock Tools in Västberga produces ca. 20 millions carbide cemented buttons in 
sizes of 7-25 mm diameter annually. Often these products’ final quality suffers from the manual 
and automatic operations in between the manufacturing process stages. Imperfections in terms of 
defects on the buttons are the results of this. Buttons in sizes of 16mm in diameter and above has 
shown to have the most critical impacts types. The fact that the handling between the operation 
stages causes an impact on the outcome quality of the products makes this variable valuable to 
investigate in, thus the project is focused on this subject.  
To reach the company’s high quality ambitions a quality improvement project was executed. The 
Six Sigma approach was the main method implemented within this thesis project. The 
Experiment showed a 70% reduction of button defects. This result indicates that the correct 
symptom was perceived and that the developed solution was beneficial for the company 
Key-words 
Cemented carbide, Sandvik, DMAIC, Six Sigma, handling damages, chipped inserts, 
manufacturing, rock tools, quality   
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1 Introduction 

1.1 Background 
Sandvik is a high technology and global industrial group with a strong focus on improving 
their customers’ productivity, efficiency and safety. The business is based on unique 
competence, material technologies and industrial processes. Sandvik’s long-term 
investment in research and development department is a key factor for the acquirement of 
a world’s leading position within these fields. The Sandvik Group incorporates: Sandvik 
Machining Solutions, Sandvik Mining, Sandvik Materials Technology, Sandvik Construction 
and Sandvik Venture. 
 
Sandvik Mining Tools produces cemented carbide components for rock tool such as 
percussive drill bits, rotary drill bits and mineral ground tools.  
 
The Västberga factory produces cemented carbide buttons, which are used in a wide range 
of mining equipment as the rock cutting part. The manufacturing process of cemented 
carbide buttons undergoes several operation steps, which mainly consist of pressing, 
sintering, grinding and tumbling. The components are handled between the operations 
both manually and automatically. 
 
The Västberga manufacturing department produces ca. 20 millions of cemented carbide 
buttons in ca. 500 batches annually in various types, sizes and geometries. The grinding 
and tumbling operations have recently been transferred from Rock Tools Sandviken to 
Rock Tools Västberga. This creates the opportunity to upgrade the grinding and tumbling 
technique. The new tumbling technology improves the qualities of the cemented carbide 
buttons, such as deformation hardness, which results in improved toughness. 
 
 

1.2 Problem definition 
There are multiple operation stages in the manufacturing process of cemented carbide 
buttons where they are exposed to insert-to-insert collision. This increases the probability 
of defects since the impact strength of cemented carbide is not high enough in order to 
avoid fractures that appear from collisions. What favors defects are high fall heights, heavy 
inserts, small edge radii and hard carbide grades. The collisions of the cemented carbide 
buttons occur in the manual and automatic operations stages consisting fall heights, which 
sets the cemented carbide buttons in motion and to significant collision energy. As a result 
defects such as chips and cracks are commonly seen in inserts of sizes 16 mm diameter and 
above and inserts’ with small edge radius. 
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1.3 Objectives 
The purpose of this bachelor thesis project was to: 
 

• Apply the Six Sigma approach including the DMAIC-methodology. 
• Reduce the amount of cemented carbide button defects to Six Sigma standard at 

Sandvik Mining Tools in Västberga. 
 
 

1.4 Limitations 
• Two batches of cemented carbide buttons type GT8S-180A-7391 will be used for 

experimental and inspection purposes. 
• The inspections will embrace the defects caused by handling between sintering, 

grinding and tumbling. 
• Improving modifications will cover the defects caused by handling. 

 
 

1.5 Report Disposition 
The structure of this report differs from the traditional ones found in other reports 
considering that the DMAIC-methodology has been implemented. The traditional chapters 
known as analyze and result are covered in the DMAIC section of this report, which is 
unique for Six Sigma oriented projects. Under the heading Analyze the collected material 
has been analyzed using the theory raised in the theory chapter. The result of the work 
along with a new analysis based on the measurements after the suggested improvements 
that have been executed are later presented under the headings Improvements and Control. 
  

                                                        
1 18 mm insert diameter, grade 739. 
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2 Theory 

2.1 Cemented carbides – an overview  
Cemented carbides consist of a binder phase and a hard phase (Upadhyaya, 2001). 
Plasticity and toughness is the most important characteristics of the binder phase in its 
solid state. Consequently, transition metals such as cobalt, iron, nickel and their alloys are 
used as binder. High hardness and strength is the main characteristics of the hard phase 
part of cemented carbide. Ceramics such as carbides and nitrides are usually used for the 
hard phase (Liu, Wang, Long, Liaw, Yang, & Huang, 2006). Thus, the major constituent of 
these materials consists of fine tungsten carbide particles, which are hard and brittle, and 
the minor constituent consist of binder metal cobalt, which is relatively soft and ductile 
(Upadhyaya, 2001). The combination of the hard carbide particles embedded in a ductile 
binder enables this alloy to induce excellent characteristics, for usage in rock tools and 
metal cutting industries. 
 
 
Ready-To-Press cemented carbide powder 
RTP cemented carbide powder is used to manufacture cemented carbide inserts. The 
formula consists of raw WC & Co powder milled together with a high molecular mass 
polyethylene glycol polymer also called PEG. After milling, the pulp is spray-dried and the 
result is a more flowable powder ready for pressing (Kaplan, 2010). 
 

 
Figure 1.  RTP powder (Sandvik Mining and Construction, 2008). 
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2.2 Introduction to Six Sigma 
In 1980 the former CEO of Motorola realized the necessity and importance of a 
systematically working strategy in order to obtain variance reduction as the Japanese have 
done for a prolonged period. The Six Sigma program was primarily inspired and developed 
by Japanese work, but also greatly influenced by Joseph Juran's thoughts. Due to Six Sigma, 
Motorola managed to reduce their costs and variation in many processes (Bergman & 
Kleftsjö, 2001). Another example is Volvo Car Corporation claiming that the company's Six 
Sigma program has contributed with more than 55 million Euros to the bottom line 
between 2000 and 2002 (Kjell, Kroslid, Bergman, Peter, & Mills, 2003). 
 
In the mid 1990s, Jack Welsh, the CEO of General Electric, introduced the Six Sigma concept 
to the company (III, 2003). The aim was to regulate the quality of the business to it needs. 
The implementation of this method followed by a disciplined execution approach led to 
significant benefits to the company. The results generated to an interest for both large and 
small companies to follow the General Electrics stimulus by implementing various versions 
for Six Sigma (III, 2003). 
 
The name Six Sigma refers to the capability of a process to deliver units within the set 
limits. For a stable process the distance from the process mean value to the tolerance limit 
should, according to the Six Sigma approach, be at least six times the standard deviation σ 
of the process output (Klefsjö, Bergquist, & L. Edgeman, 2006). However, the process mean 
value is also allowed to vary somewhat over time. If the process mean value varies at most 
1.5σ from the target value, then on average at most 3.4 defectives per million opportunities 
(DPMO) will occur if the output is normally distributed. A 6σ-process corresponds in a 
sense to a value of 2.0 of the capability index Cp or 1.5 for Cpk when allowing for a 1.5σ drift 
in process mean value (Klefsjö et al., 2006). 
  

 
Table 1. The correspondence between “sigma”, capability index Cp =(TU – TU)/σ, where TU is the 

upper tolerance limit and TU is the lower tolerance limit, the number of defective units 
with process average on the target value, and the number of defective units when 
allowing a variation of the process average up to +/- 1,5σ from the target value (Klefsjö 
et al., 2006). 
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Figure 2. Sex Sigma process med medelvärdet minst 4.5 σ från närmaste toleransgräns så att 
maximalt 3.4 defekter per miljon möjligheter kan inträffa (Bergman & Kleftsjö, 2001). 

 
Unwanted variation in a production is a major factor to high costs and costumer 
dissatisfaction (Bergman & Kleftsjö, 2001). The Six Sigma method focuses on improving 
processes and their result by identifying processes issues, determining root causes and 
additionally suggests solving solutions. In order to accomplish these, an improving 
methodology in combination with statistical tools is applied (Kjell et al., 2003). All these 
provoke the aim with Six Sigma method, which is to reduce or possibly eliminate product 
variations, which consecutively leads to delivery dependability (Bergman & Kleftsjö, 2001).  
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2.3 The DMAIC-methodology 
An important part of Six Sigma is the DMAIC procedure, which is an acronym for the five 
phases: Define – Measure – Analyze – Improve – Control. Conceptually DMAIC is a highly 
structured and rigorous problem-solving approach. 
 
A wide range of different tools and techniques are available to utilize in each and every 
phase of DMAIC. The tools selected will depend on the nature of the project and can vary 
from case to case. In order to select and use the appropriate tools in Six Sigma projects 
training and knowledge of different tools is required, according to Bergman & Klefsjö 
(2001). 
 

 
Figure 3. An example of tools that can be utilized in DMAIC in their respective phases. 
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2.3.1 Define 

 
Figure 4. The Define phase in Six Sigma. 

 
The very first phase of the DMAIC process starts with identifying and clarifying the 
problem statement and its scope (Brook, 2014). The Define phase focuses on the problem 
itself and its understanding of why the case is considered as a problem, before any further 
speculations. It is important to know that root causes and solutions discusses later on in 
the upcoming phases of DMAIC. 
 
This phase initially begins with determining what the errors of the business are as well as 
establishing a goal that should be achieved (Brook, 2014). The following step is to 
understand the customer’s needs and expectations. Figuring out the relation between the 
problem and the customer’s preferences and aversions as a subsequent (Brook, 2014). 
Defining the process is a crucial step after preforming these investigations in order to make 
sure that the identified process is the correct one, which relates to the problem. At this 
point, the project should be planned and managed with respect to the resources available 
for the particular project. 
 
 

2.3.2 Measure 

 
Figure 5. The Measure phase in Six Sigma. 

 
Next up in the DMAIC approach is the Measure phase. Conceptually measurement is quite 
simple, it is a numerical assignment of numbers to an observed phenomenon, usually non-
numerical, according to certain rules (Pyzdek & Keller, 2014). Measurements often convey 
some sort of information about relations between different factors (Pyzdek & Keller, 2014). 
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The main ambition in this phase is to develop a comprehensive and detailed measurement 
system in order to set record of the existing process performance. The first thing is to 
choose a measurement system and to settle how the process is going to be measured. The 
next step is collecting the data as well as inspecting the data quality. Here it is important to 
understand where the data comes from and if it represents what we are looking for. After 
collecting the data it is time to inspect the current process performance and its output in 
terms of costumer demand. 
 
 

2.3.3 Analyze 

 
Figure 6. The Analyze phase in Six Sigma. 

 
In order to get the correct answer one need to formulate the right question. During the 
Analyze phase of DMAIC different tools are used to help the team come closer to the right 
question (Brook, 2014). Many of these tools are classified as data presentation tools, which 
facilitate the understanding and the process of getting a distinct picture of the data (Pyzdek 
& Keller, 2014). 
 
The Analyze phase mainly aims to identify the root causes of defects. It begins with 
analyzing the measured process to assess the process performance. Next step in this phase 
is to develop ideas about potential root causes. Particularly in this step a number of tools 
are often utilized to support the expansion of root cause ideas. Analyzing the data is 
another crucial steps of this phase, making sure that the collected data is understood. This 
leads to verifying the root causes as well as understanding how the root causes affects the 
process output (Brook, 2014). 
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2.3.4 Improve 

 
Figure 7. The Improve phase in Six Sigma. 

 
The Improve phase aims to develop and implement a solution in order to solve the defined 
problem and its determined root causes. Further is the effect of the implemented solution 
measured with the same KPI2 which is initially developed during the Measure phase 
(Brook, 2014). 
 
This phase commences with generating potential ideas that is considered to solve the 
problem. To make a decision about the best possible solution the concepts, which have 
been, generated needs to be evaluated in order to choose the most suitable one. After 
choosing a solution, the risks that may arise has to be investigate and assessed. The final 
steps within the Improve phase are pilot studies and implementation. Some sort of Pilot 
Study is crucial to execute in order to verify the effects of the solution before the full 
implementation (Brook, 2014). 
 
 

2.3.5 Control 

 
Figure 8. The Control phase in Six Sigma. 

 
Project success at on point, for instance at the end of the project, does not necessarily mean 
that the solution will remain and the results will be the same after the project leaders move 
on to other projects. Hence the reason the Control phase is incorporated in DMAIC 
approach (III, 2003). 
 
This phase aims to assure that the solutions that have been implemented persist 
sustainably after the project has been closed (Brook, 2014). To achieve these criteria an 
ongoing measurement system needs to be established as well as standardizing the solution. 
Finally the improvement has to be quantified to ensure that the project goal has been 
achieved in order to approve the project closure (Brook, 2014).  

                                                        
2 KPI is an abbreviation for Key Performance Indicator which is a type of performance measurement. 
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2.4 Product development philosophy contemplation  
In this section a comparison between Six Sigma and other philosophies and methods is 
conducted. The discussion is mainly about the implementation of the methods, the results 
they generate, as well as the process of accomplishing them.  
 
The Six Sigma approach is a data based methodology using a number of statistical, 
analytical and problem solving tools for systematically improving the capability of a 
business, process, product or service. Unfortunately the Six Sigma method and the tools 
used in this approach are rather time and effort-consuming both in gathering and analyzing 
the process as well as designing an improvement solution (Averboukh, 2006). This results 
in a poor and shallow root cause analysis as time and other project recourses available are 
usually limited. This only leads to short-term improvements and benefits (Averboukh, 
2006). 
 
Another well-known methodology is The Mechanical Design Process, which defines 
variables that determine the success or failure of a product into three different fields: 
product design, business and production, figure 9. However The Mechanical Design Process 
mainly focuses on the product design field with a great attention to the other two fields 
(Ullman, 2009). 
 
 

  
 

Figure 9.  Controllable variables in product development (Ullman, 2009) 
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The Mechanical Design Process promotes that regardless of the product being developed, or 
the industry a particular product belongs to, the design process can break down to six 
major phases. The six phases are: Product Discovery, Project Planning, Product Definition, 
Conceptual Design, Product Development and Product Support (Ullman, 2009). 
 
The Six Sigma method and the Mechanical Design Process have very much in common, in 
the sense that they both break down the whole project in to five respective -six phases. 
These phases cover the entire project in a comprehensive manner, which enables the both 
methods to convey a holistic approach to the project. The Six Sigma DMAIC implementing 
theory gives a complete look at the entire project and sometimes more than that. This 
enables the project executers to not only solve the problem but also study the whole 
business regarding that particular problem. These properties make the Six Sigma method a 
very suitable approach to implement on larger types of projects.  
 
On the other hand the Mechanical Design Process method is more focused on products and 
the process of developing them in a so-called "mature product". This makes the Mechanical 
Design Process more suitable to projects where a particular product is in great attention. 
However starting a project by developing a product without concern for the earlier phases 
is considered a poor design practice according to Ullman (2009), which not only relates to 
the Mechanical Design Process approach, but to most product development methods and 
philosophies. 
 
Product Design and Development written by Eppinger & Ulrich (2014) has a similar take 
and approach on product development, which also contains six phases: Planning, Concept 
Development, System-level Design, Detail Design, Testing & Refinement and Production 
Ramp-up, figure 10. 
 
 

 
 

Figure 10. The Generic Product Development Process (Eppinger & Ulrich, 2014)  
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These phases are particularly very similar to The Mechanical Design Process' six phases. 
Both consist of six working stages covering the entire process of product development but 
in a slightly different manner. Different in the sense that the Product Design and 
Development has an even greater focus and a more extensive look at the particular product 
being developed. This makes the method extraordinary appropriate for these types on 
projects.  
 
A different take is the TRIZ approach. This method is more suitable towards the specified 
and clear problem statements, which would not necessarily need root, cause detections etc. 
The TRIZ approach could work very efficiently where the problem is confirmed, clear and 
ready to tackle.  
 
TRIZ is an acronym for “Theory of Inventive Problem Solving”, which was originally 
developed in the 1950-s by the Russian inventor Henrich Altshuller. TRIZ research began 
with the assumption that there are universal principles of invention that are the basis for 
creative innovations for problem solving. If these principles were identified and codified, 
they could be taught to make the process of invention more predictable (Slocum & 
Kermani, 2006). By decomposition and analysis of more than 400 000 patents H. Altshuller 
found that common basic principles were often used in the inventors’ successful problem 
solving process (Domb, 2004). Altshuller then compiled a set of principles that allows the 
problem solver to convert the specific problem into a generic problem and utilize the fact 
that the elements of the Problems and solutions are repeated across industries and 
sciences (Slocum & Kermani, 2006), figure 11. 
 
 

 
 

Figure 11. Abstraction Method (Domb, 2004)  
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The abstraction method allows saving time and finding efficient low-cost improvement 
solutions already at the Define or Identifying phase of Six Sigma (Averboukh, 2004). TRIZ 
can also be applied as a tool in the Improvement phase of Six Sigma to develop concepts or 
solutions.  
 
Structured methods are according to Eppinger & Ulrich (2014) highly valuable and apply to 
various product development methods. They function as “checklists” and ensure key steps 
in a development activity are not forgotten, much like a template. Structured methods 
define the decision process so that everyone in the team understands the decisions and 
avoid the possibility of moving forward with unsupported decisions. Eppinger & Ulrich 
(2014) also mean that they are useful for future references and educating newcomers since 
records behind the decision-making are documented.  
 
The ability to choose and combine those methods fit for a particular project comes by 
experience and is what separates a good product developer from a great one. Many 
methods & models might seem similar for a particular phase within a project but just so 
slightly differs in function. For instance, FMEA & Fishbone diagram (Ishikawa) are both 
used to identify potential causes that would affect an output. The difference is that an 
Ishikawa diagram is a structured brainstorming tool where you identify and list all possible 
“causes” whereas FMEA tells the product developer which of the causes should be given 
highest priority. They can be used without the other or combined depending on the project.  
 
As the experience has shown, it can consume a great deal of time and effort to implement 
such a systematic and interdisciplinary approach such as Six Sigma or the Mechanical 
Design Process method for that matter. Since time is one of the most demanded and limiting 
resources in most projects, a thorough time management in the form of a Gant Chart is 
absolutely critical to execute and incorporate in to these bigger types of projects. Six Sigma 
is the most extensive methodology among the ones mentioned above due to its wide 
application capability. Next in ranking order in terms of application versatility within 
product, service and business areas is the Mechanical Design Process, and lastly the Product 
Design and Development being the least versatile and the most product oriented one. 
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3 Method 

3.1 Data collection  

3.1.1 Parameters for crack formation 
The cemented carbide buttons have the shape of a bullet with a cylindrical shaped surface 
area and a spherical to conical shaped head. The geometry of the buttons is of high 
importance when it comes to damage sensitivity and a study done within Sandvik shows 
how the radius of cemented carbide buttons affects their critical damage energy. The 
buttons weight and dimension are also very important parameters when it comes to 
damage sensitivity since they are often subjected to fall heights where they are commonly 
falling on one another. 
 
 

 
 

Figure 12. Crack formation in carbide-to-carbide collisions (Hemph, 2013).  
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3.1.2 Variable relationships in damage energy EC 
Pendulum hammer impact crush tests of inserts made with various edge radii r clearly 
shows that increased edge radius increases the damage energy EC with a few very rough 
approximations, see A.1. The study referrers to non-tumbled cemented carbide inserts of 
grade 961, which is a homogeneous cemented carbide grade with about 1450 HV20. 
 

 
 

Figure 13. Radius impact of two cylinders in a cross has roughly the 
              same effect as a radius impact of a sphere towards a flat surface. 

 
As shown, inserts with edge radius r ≤ 5𝑚𝑚𝑚𝑚 (𝑟𝑟2.5 ≤ 60) break at approximately ≈ 1-4 Nm 
while a insert with r = 8𝑚𝑚𝑚𝑚 (𝑟𝑟 = 180𝑚𝑚𝑚𝑚) can withstand approximately 275% more 
impact energy at 11 Nm. By comparing the lowest and highest radii a 550% energy damage 
differential is indicated. 

    
Figure 14. Edge radius on an insert 

 
The graph shown in A.2 represents the relationship between maximal fall heights as a 
function of insert weight for cemented carbide inserts made of grade 961. 
 
The red- and black line represent inserts with edge radius 𝑟𝑟 = 0.5 and 𝑟𝑟 = 1.5 respectively. 
Rough approximations are done such as extrapolating the equation (1) from 𝑟𝑟 = 3.5 𝑚𝑚𝑚𝑚 
down to 𝑟𝑟 = 0.5 𝑚𝑚𝑚𝑚 and neglecting the difference between impact of radius (grade 961) to 
a flat surface (Coromant grade 902 with 1900HV) and impact of radius to radius of same 
grade. Equation (1) used in pendulum hammer experiment found in A.1 is based on the 
linear equation 𝑦𝑦 = 𝑎𝑎 + 𝑏𝑏𝑏𝑏 and the data collected from the extrapolated graph shown in 
A.1 
 
In the example shown in A.2 with the straight line it can be noted that a 120g insert with 
𝑟𝑟 = 1.5 𝑚𝑚𝑚𝑚 can be dropped from a twice as high fall height than with 𝑟𝑟 = 0.5 𝑚𝑚𝑚𝑚. Further, 
it can be noticed that as the inserts’ weight increases, the differential in maximal fall height 
reduces and is an important founding. This means that with increasing inserts weight this 
variable becomes more dominant than the inserts radii.  
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3.2 Define 

3.2.1 Business case  
Sandvik Mining tools Västberga line produces a wide range of cemented carbide 
components in form of buttons, which are used in mining drill bits. The buttons are made 
of cemented carbide due to the unique properties such as high Young’s modulus and high 
hardness that is required in the conditions during drilling. However the high hardness that 
comes along with other attributes of cemented carbide appears as a side effect from this 
perspective in this particular project. This side effect causes the inserts to get handling 
damages when they are treated among each other. The whole dilemma causes the bits, 
which the buttons are later assembled on, to break earlier than they should. 
 

 
Figure 15. Drill bits used for TH (upper, 3), DTH (lower left, 4) and RR (lower right, 5) respectively. 
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3.2.2 Sandvik Västberga production line 
The Västberga production line consists of several operation steps each raising the 
probability of inserts getting damaged. The goal with this project was to reduce the defects 
caused by handling in the manufacturing process of the inserts. 
 
Pressing 
The first step in the manufacturing process is to press the WC-Co powder into green bodies 
with the desired form and shape of the insert with the help of hydraulic and electric 
presses. The green bodies are very brittle and porous at this stage and are placed onto 
graphite plates by a robot. The graphite plates are then moved to racks at the sintering 
furnaces ready to be sintered. 

 
Figure 16. WC-Co powder pressed into a green body. 

 
Sintering 
The green bodies are then sintered by gradually elevating the temperature of the furnace 
up to 1350-1520°C. The sintering process bounds the granules resulting in a mass 
reduction by 18-20 % and shrinkage of 50 % compared to the original green body 
(Maiorana, 2012). Cemented carbide is formed. 
 

 
Figure 17. High pressure sintering furnace (Sandvik Mining and Construction, 2008).  
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Grinding 
During the sintering, densification3 inevitably makes the insert shrink, resulting in an 
altered shape of the inserts. These alterations are then rectified in the centerless grinder to 
achieve the expected shape. 
 

 
Figure 18. The basic elements of a centerless grinder are the grinding (or contact) head, regulating 

head, and work res (Mandes, 2011). 
 
 
Tumbling 
The tumbling process increases the stress concentrations, making the inserts obtain a 
noticeably harder surface (See A.3). This is achieved by tumbling the parts in a rotating 
barrel with usually water based grinding liquid and a media consisting of cemented carbide 
balls of 7 mm in diameter, creating impacts, mechanical working, deburring of sharp edges 
and reduction of friction between parts and the media. 

 

 
Figure 19. Tumbling sequence (Trumblingsbolaget, 2003). 

  

                                                        
3 Densification is the process of increasing the density of something. 
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Packing 
The last step in the manufacturing process is the packing station where the cemented 
carbide inserts are packed and shipped to their destined customers. 
 

3.2.3 Customer reliance   
In order to get a better understanding of how the business for Sandvik gets impacted 
financially from defected products, a Cost of Poor Quality was investigated. A Cost of Poor 
Quality model addresses costs and impacts associated with undesirable of a particular 
product or service (Brook, 2014). It is often analogized with an iceberg effect where easily 
recognized costs such as rework, rejects, inspection, customer returns and complaints are 
the tip of the iceberg and hidden costs such as high employee turnover, late payments, 
expediting costs are hidden beneath the surface (Brook, 2014). The hidden costs can 
become so common that they get viewed as 'normal' and difficult to solve (Brook, 2014). 
 

 
Figure 20. A Cost of Poor Quality model (ASQ Meeting, 1998). 

 

It is important to involve the finance department in a review of a project's benefits during 
the Define phase (Brook, 2014) and for this bachelor thesis project, Johan Bergquist, 
Production Manager for DTH drill bits at Sandvik Mining, Sandviken was interviewed. The 
interview can be found in A.4.  
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Johan Bergquist means that the drill bits which the buttons are assembled into vary in cost 
between 5000-8000 SEK:- depending on which country the customer operates in and what 
dimensions are of interest. 
 
The complication that can arise is if the drill bit breaks because of a defect button according 
to Johan Bergquist. As a result, a product that is worth a fraction of the drill bits price can 
break a 8000:- SEK drill bit and  make the customer. An unsatisfied customer will have 
complaints and if the product quality does not match the customer’s expectations then the 
contract between the two are in jeopardy. Contracts like these are worth several millions 
and a fraction cost of a product like these buttons has the potential to collapse the whole 
business. This is what can tear the customer reliance and make the company lose both 
reputation and money. 
  
 

3.2.4 Defect types 
All types of defects that may occur on a cemented carbide button are categorized within 
Sandvik in order to decide which damages are approved and which are not before they are 
shipped to the customer (Angseryd, 2013). Although they are all defects, some are 
negligible, like scratches on the surface area. Scratches specifically are very difficult to 
circumvent because of the high density that the buttons have and how often they collide, 
but because these types of damages don’t expose the cemented carbide buttons for 
scrapping they are categorized as negligible (Angseryd, 2013). Chipping damages are the 
easier type to detect because they do not necessarily require eye examination devices and 
equipment. Cracks on the other hand are more difficult and time consuming to detect 
ocularly and require the use of a microscope and experience. This is another reason behind 
the development of the attacking strategy explained in the Measure phase. Below is a 
complete definition of all defect types compiled within Sandvik Rotary Tools taken from 
the technical report Sandvik Rotary Tools. (2005). Tungsten Carbide Inserts, Shale Diverting 
Plugs, and Thrust Buttons, p. 10-11. 
  
 Pits – Randomly occurring voids in the materials, commonly caused by powder 

contamination. Pits are distinguished by sharp, defined edges. Pits are also known 
as pinholes.  

 
 Cracks – Long narrow voids or separations in the material.  

 
 Blisters – Protruding, rounded material, possibly covering a void. Edges not well 

defined.  
 
 Flash – Protruding material defect caused by clearance between die and punch or 

excessive powder particles sintered onto the surface. Flash differs from blisters due 
to its rough edged and well-defined profile.  

 
 Corrosion – Staining and discoloration of the surface possibly combined with metal 

removal due to contact with a corrosive solution and improper cleaning and drying.  
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 Pick-off Marks – Surface material loss due to adhesion to the punch during pressing, 
characterized by willow depression without sharp edges.  

 
 Dirty Punch Mark – Surface material indentation due to dirt (carbide powder or 

binder) on the punch. This defect is similar in appearance to pick-off marks and may 
be seen in the same place on several parts in the lot.  

 
 Chips – Broken or damaged due to handling.  

 
 Mixed Grade – Results from contamination of powder with another grade, 

characterized by spots or areas of other color than bulk of surface. Owing to 
shrinkage differences, surface level differences may occur.  

 
 Witness Marks – Appear circumferentially on the cone extension. Visually, witness 

marks appear as cracks but do not have voids or separations.  
 
 Feeder Marks – Light spiral appearance on grip length due to feeder bowl travel 

after tumble.  
 
 Grind Scars – Occur due to improper center less grinding, leaving possible step in 

surface.  
 
 

3.3 Measure 

3.3.1 Pilot study 
A pilot study was made by the thesis writers before the main project began to get a clearer 
understanding of where to look after handling damages and develop a solid and time 
efficient strategy which could be used for the main project. 
 
The inspection for this study was visual and no eye examination devices or equipment 
were used to look for more difficult damages, as this was not the objective with the study. 
 
The batch examined for this study consisted of 1109 buttons corresponding 134,7 kg. 
 

 
Figure 21. Insert type used for the pilot study - 00388572128-SS (Grade 443)  
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The experiment began right when the sintered buttons were unloaded into the 
transporting boxes, which the AGV4 carried onto the grinding. The unloading was manually 
handled and the first station of which suspected collision damages occurred. Since the 
unloading was manually handled and the plate with the buttons got heavy, there were 
times when the operators might have not unloaded the buttons cautiously. Even if this was 
not the case, the fall height was still unsafe for these products according to Hemph (2013) 
and measured to be 200 mm. Hemph concludes that the fall height shouldn’t exceed 100 
mm for inserts with a radius 𝑟𝑟 ≥  14 𝑚𝑚𝑚𝑚 and is proposed to be the ”safe zone”. Hemph also 
mentions that inserts may crack at surface if dropped > 200 mm. 
 

 
Figure 22. Diagram showing the outcome of fall heights (Hemph, 2013). 

 
The grinding station contained three areas with fall heights of which two of them were at 
200 mm and 300 mm and considered unsafe according to Hemph (2013). No samples were 
taken from the grinder but the whole batch was followed and inspected thoroughly at the 
end of the manufacturing process where 66 chipped buttons were detected. 
 
The defected buttons were then removed and the batch weight was reduced to 120 kg 
corresponding 988 buttons before it continued onto the tumbling station. The batch was 
also used for a run in a Design Of Experiment parallel with this study, which required the 
batch to be at this weight. 
 
A sample was taken between the unloading of the buttons and the tumbling process where 
13 damaged buttons were found out of 50 sampled. The batch was then refilled with 50 
undamaged buttons and the tumbling process started. Reason for sampling the batch at 
this location was because the interest of the existing fall height. 
  

                                                        
4 AGV is a robot for automatic transportation used at Sandvik Västberga. 
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The batch then continued onto the dryer for a new sample of 150 buttons where 4 
damaged buttons were detected. Some of the sampled buttons were defected but the type 
of defects indicated that they had occurred before they had reached the dryer and so they 
were not counted as defected buttons from this operation station.  
 
Lastly, all of the buttons were tumbled and packed and a new sample of 307 buttons was 
taken where 85 defected buttons were detected. The sample strategy was initially to 
examine 50% of the batch after the buttons had underwent all the operation stages but 
what came as a surprise was how frequently defected buttons occurred with a deviation of 
4 per package. Hence the decision was made to stop the examination. 
 
 

3.3.2 Attacking strategy 
After multiple thorough inspections on the product line where several batches of cemented 
carbide buttons were followed, observed and documented, it was identified which stations 
had the highest probability of collision damages. Since the time was the most limited 
resource of this 10 weeks long bachelor thesis project, a flexible and time efficient strategy 
had to be developed in order to maximize the results. This strategy was developed and 
established together with R&D and production. 
 
The type of cemented carbide button chosen for this project was GT8S-180A-739 because 
of their unique properties and challenging dimensions. They were good candidate for 
testing because of their high damage sensitivity and so if an improvement was made in the 
production line, the assumption was that buttons of other parameters would also benefit 
from it. Another reason behind the decision was the fact that this particular type is 
categorized as a runner in the production line, meaning that the product is a highly 
purchased order.  
 

 
Figure 23. Insert type GT8S-180A-739. 
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The goal was to execute a test with two batches, order-number 19350 and 19351 
consisting of about 1200 cemented carbide buttons each and analyze if and where the 
collision damages occurred during the critical stations in the production line. 
The batches were made by the same RTP lot and sintered in the same furnace in order to 
have as similar properties as possible that might affect the formation of flaws.  
 
The first batch, 19350 was tested in Sandvik’s current production line and the second 
batch, 19351 was used to collect data after improvements on the production line were 
made in the Improvement phase. The strategy was to inspect 30% of the total batch of 
cemented carbide buttons in the first critical station and identify if any collision damages 
had occurred. If this was the case then the remaining 70% of buttons were also inspected 
and a improvement had to be implemented at the current critical station. However if the 
30% buttons didn't have any defects, then they were sent onto the next critical station and 
the procedure was repeated until damages were identified. This way damages that 
occurred early in the production could be counteracted. For example, cracks that occur 
early in the production only gets worse later on and with this strategy they could be 
identified and also eliminated. 
 
The results collected from the total 1224 inserts after the unloading sequence in to the 
transporting box at the sintering station was two defects. Same inspection was executed 
after the grinding process where 12 defects were identified, see table 2. 
 

 Order.nr 19350 
Insert type GT8S-180A-739 
Defects, sintering 2 
Defects, grinding  12 
Defects (𝚺𝚺) 14 
Total n 1224 

 
Table 2. Results collected from the first experiment.  
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3.4 Analyze 

3.4.1 Flow Process Analysis 
In order to identify the root causes of the defined problem from the Define phase, an 
analysis of the handling and production of the inserts was established. The analysis was 
commenced with analyzing the manufacturing process; hence a flow-process diagram was 
created. Figure 24 shows a complete map of how the inserts are created initially from 
powder to cemented carbide buttons.  
 
As shown, the manufacturing process has a discontinuous flow with several unloading and 
transporting operations within certain stations. This means that the buttons were exposed 
to collisions very frequently, resulting in a higher occurrence of defects.  

  

 
 

Figure 24. Flow process diagram.  
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1 Places on graphite plates 
2 Transport on graphite plates 
3 Unload in transporting box 
4 Transport in transporting box 
5 Unload on conveyer belt 
6 Unload in vibration bowl 
7 Unload on conveyer belt 
8 Unload in transporting box 
9 Transport in transporting box 

 
Next step was to identify potential root causes that were "hidden" in the production line 
with a low probability of occurrence but still relevant such as employee failure, false 
settings on the equipment etc. For this, a cause-and-effect Ishikawa-diagram (fishbone) was 
created to help facilitate the brainstorming session and reveal key relationships among 
various variables. See A.5 for the Ishikawa-diagram. 

3.4.2 5-whys 
Following the Ishikawa-diagram, an Osborn Brainstorming was performed which is a 
valuable technique that can be used in many environments, and for many purposes (Brook, 
2014). A 5-Whys was created during the brainstorming to investigate root causes of why 
the cemented carbide buttons quality sometimes were lacking with the following 
statement: 
 

Statement: The inserts quality is not considered as the best possible 
 
Why? 
Because a certain amount of them have defects. 
Why? 
Because the collisions they are exposed to during the production are destructive. 
Why? 
Because the collision energy is high enough to cause damages when they collide with one 
another. 
Why? 
Because of the high velocity they acquire when they fall. 
Why? 
Because of the fall heights they are exposed to in different handling stages during the 
production.  

10 Unload in tumbling tub 
11 Unload in tumbling machine 
12 Separation from tumbling media 
13 Unload in drying machine 
14 Unload in transporting box 
15 Transport in transporting box 
16 Unload in vibratory conveyor 
17 Unload in packaging box 
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The conclusion was that the collision energy the buttons store, in the form of kinetic 𝐸𝐸𝐾𝐾- or 
potential energy 𝐸𝐸𝑃𝑃 is dependent on the velocity 𝑣𝑣 they acquire or the fall height they are 
exposed to. Mass 𝑚𝑚 is a third variable directly associated with the amount of energy 𝐸𝐸 an 
object can develop and store, but since powder combinations and material science 
questions were not in the scope of this project this variable was not further investigated. 
 
Theoretically if the fall heights ℎ were eliminated, the amount of button defects would 
greatly reduce alternatively not exist and so a reduction of potential energy would result in 
low kinetic energy for the buttons. Equation (2) & (3). 
 

𝐸𝐸𝑃𝑃 = 𝑚𝑚𝑚𝑚ℎ                                                                       (2) 
 
 

𝐸𝐸𝐾𝐾 =  
𝑚𝑚𝑣𝑣2

2
                                                     (3) 

 
Another reason the fall height was of interest was because of the report “Hard Metal 
handling inproduction – Safe handling height”s, R. Hemph (2013). Hemph states that the 
safe zone of a fall height for inserts with a radius 𝑟𝑟 ≥ 14 𝑚𝑚𝑚𝑚 is 100 mm. Yet, fall heights 
within the production line ranged from 0-400mm and were not product adapted for the 
inserts.  
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3.5 Improve 
The improvement phase aims to develop, select and implement the best solutions (Brook, 
2014). 
 
All data and results generated during the three previous phases: Define, Measure & Analyze 
were then transformed into solution generation. The root causes found from the Ishikawa-
diagram in the Analyze phase should be the primary source when generating solutions to 
the defined problem assessed in the beginning of the project. The following step is to assess 
the risks and evaluate the solutions that have been generated with a systematic evaluating 
tool. 
 

3.5.1 Concept Development 
The following concepts were generated through brainstorming, mind-mapping and 
material established in earlier phases along with insightful discussions with the involved 
people. At this point, the variable in which the concepts should be based on was the fall-
height. It was also observed from the flow-process diagram, figure 24, that the very 
frequently used transporting box was not adapted for the handling between the operation 
stages in the manufacturing process of the inserts. 
 
Apart from damaged inserts, a noisy environment was a byproduct when inserts were 
being manually handled i.e. unloaded and although operators used earplugs for this task it 
could be desirable with a quieter environment.  
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3.5.2 Concept 1 – Spring-attached Surface 
The purpose of this concept is to reduce the collision energy the inserts acquire when they 
are being unloaded into the transporting box by the use of a spring-attached surface inside 
the transporting box. The springs are in a rested position when the box is empty and 
compressed when inserts are unloaded inside the transporting box, making the surface 
slowly descend and maintain a lower fall height than the existing. The existing transporting 
box’s geometry is modified in order for the spring-attached surface to freely descend and 
move back up. Figure 25-1 & 25-2. 
 

 
Figure 25-1. Springs in a rested position, inserts being unloaded. 

 

 
Figure 25-2. Springs compressed, surface slowly descends. 

 
This concept will reduce the volume limit of the transporting box but that will not be a 
problem since the transporting boxes currently only are half-filled. The surface will be 
made of steel with a thin layer of rubber pad to provide the inserts a softer contact area 
and minimize the collision noise even if the latter is not top priority.  
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3.5.3 Concept 2 – Slanted Steps 
The idea behind this concept is to let the buttons slow up while they are being unloaded 
into the transporting box with the help of slanted steps. The slanted steps are installed to 
divide the fall height the buttons are exposed to into two levels of surfaces in which the 
buttons can bounce on and convert their kinetic energy into other forms of energy like 
heat. This will result in a reduction of collision energy the buttons are able to store and 
theoretically a reduction of defects. 
 

 
Figure 26. Slanted Steps  
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3.5.4 Concept 3 – Rubber Net 
The idea behind this concept is to let the buttons slow up while they are being unloaded 
into the transporting box with the help of a rubber net. The idea behind the net is to let the 
buttons slow down while they were being unloaded thus reducing their kinetic energy 
resulting in lower collision energy. Figure 27-1 & 27-2. 
 

 
Figure 27-1. Inserts being unloaded 

 

 
 

Figure 27-2. The rubber net 
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3.5.5 PUGH’s Matrix 
The evaluation tool used in this thesis was a Pugh’s Matrix. The Pugh approach utilizes a 
simple matrix diagram to compare concept alternatives against each other with respect to 
some criteria, see figure 28. In some cases a criterion is weighted with respect to its 
importance relative to other criteria (Pyzdek & Keller, 2014). The concepts are then 
evaluated relative to a “baseline” concept, which is chosen by the evaluator. In DMAIC the 
baseline is the current process (Pyzdek & Keller, 2014) meaning that the current 
transporting box used in Sandvik in Västberga was appointed as the baseline for the 
evaluation. 
 

• Which solutions are most likely to work? 
• What are the risks of implementing the solutions? 

 
 

 
Figure 28.  Pugh’s Matrix (Pyzdek & Keller, 2014).  

 
 
The criteria used in the Pugh's matrix was chosen and weighted based on their importance 
relative to the others. List of the criteria is as follow: 
 
 Feasibility. This criterion ensures the ability to perform the developed solution.  
 Durability. This criterion reviews the resistance to wear of the developed solution  
 Simplicity. This criterion narrates the complexity of the developed solution. 
 Energy Absorption. This criterion assesses the ability to convert the kinetic energy of 

the inserts to other forms of energy for the developed solution. 
 Maintainability. This criterion reviews the necessity of the maintenance required for 

the developed solution. 
 
Results from the executed Pugh's matrix can be found in A.6. 
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An implementation of a provisional version of the chosen concept was made and executed 
A7. This in order to verify the theoretical expectations and to analyze the results compared 
to results from the Measure phase. The chosen concept was built by thermosetting polymer 
covered with rubber pads as a prototype.  
 
The same KPI defined at the Measure phase was used for the 19351 batch. The result 
collected from the experiment is shown in table 3. 
 

Order.nr 19350 19351 
Insert type GT8S-180A-739 GT8S-180A-739 
Defects, sintering 2 0 
Defects, grinding 12 4 
Defects (𝚺𝚺) 14 4 
Total n 1224 1224 

 
Table 3. Final results comparison 
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3.6 Control 
The final step before project closure was to assure that the improvements and results 
achieved within the Six Sigma project would sustain and be kept persistent (Brook, 2014). 
 
Apart from keeping the suggested solution in use, a modification of the KPI procedure used 
in the measure phase should be used to better fit the organization. Instead of applying the 
30/70% method on all operation stages, it should be applied at the grinding and packing 
station due to its time-consummation. Reason behind the selected stations was based on 
the results from the pilot study, the main project and the quality control that was exerted at 
Sandvik Mining Tools in Västberga. 
 
The quality control investigated insert samples after they have been sintered and the pilot 
study with the 0038857-2128SS insert sample showed a 30% defect ratio from the 
grinding and tumbling station. Together with the KPI suggested it would mean coverage of 
all the operation stages where insert defects may occur. 
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4 Conclusion 
The purpose of this bachelor thesis project was to generate and implement a solution 
aiming to reduce the deficiencies occurrence in the manufacturing process of carbide 
cemented inserts. The main focus has been the identification of potential root causes 
responsible for the described problem statement.  
 

• The root causes investigations showed that the fall heights were the most critical 
factor to rectify.  Thus the concept development phase was heavily focused around 
the fall heights inserts were exposed to during the manufacturing process.  

  
• The result of the practical experiment with GT8S-180A-739, which took place at the 

sintering and grinding stations showed a 70% defect reduction when comparing the 
two batches 19350 and 19351 before and after the suggested solution. Although the 
results are very satisfying they could very well deviate in the future. However, if the 
control phase is followed-up thesis writers believe that the results will be 
reproduced. 

  
• Furthermore, the most eye-opening discovery was the 1% deficiencies found in the 

analyze phase. It did not seem problematic at first but after the interview with 
Production Manager for DTH-tools Johan Bergquist at Sandvik Mining in Sandviken 
the part of the iceberg beneath the surface was revealed. Defected inserts had the 
potential to damage customer’s reliance and affect businesses worth millions of SEK. 
 

• An additional investigation was made at the end of the project where the 19350 and 
19351 batches completed the manufacturing process including the tumbling station, 
which was of interest. The results found in A.13 shows that the effect of the 
implemented solution in not fully utilized in the tumbling station due to many 
handling stages that the buttons undergo. Thus the 70% defects reduction result 
from the grinding was not reproduced in the tumbling station; however a defect 
reduction was still achieved. 
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5 Discussion  
Six Sigma and its structured DMAIC-methodology has been a powerful approach for 
improving the manufacturing quality at Sandvik Mining Tools in Västberga, however thesis 
writers believe that the method is better fitted for bigger projects. The most important 
dimension has been the time management. It is believed that a well-planned time-schedule 
in the form of a Gantt Chart really is the first step in a successful Six Sigma project, because 
of how time-consuming the approach is. 
 
Unlike most conventional methods educated at the bachelor’s program in Mechanical 
Engineering at KTH where the main focus has been on the product development part of a 
project, the Six Sigma's DMAIC-methodology creates a great opportunity to explore the 
whole business regarding the stated problem.  
 
The experience with the DMAIC approach has been that one tends to oscillate between 
phases before really completing one. This, because decisions and conclusions are based on 
the previously “completed” phase. Considering that, the Define phase has been the most 
critical out of the five for making observations along with asking the right questions to 
create a strong basis for the project. 
 
There are risks of basing the decisions entirely on theory and one shall not jump to the 
conclusions, but make every effort to base the outcome on the facts, that are the collected 
empirical data.  
 
By gathering and analyzing data, a solution for reducing defected inserts was developed 
and confirmed through practical experiment. The main tool used for both identifying root 
causes and generating solutions in form of concepts was the Ishikawa-diagram. All root 
causes were not rectified. However, it is concluded that the prevention of the identified 
root causes and a follow-up of the Control phase is the next milestone in achieving 6𝜎𝜎 
standard within the organization. 
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