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Summary 
The importance of sustainable product development is a subject that has 
been unavoidable in the present society. Concepts like Ecodesign and 
continuous improvements, CIs, focuses on reducing the products 
environmental impact, improving the quality and reducing costs through the 
products life cycle. This can be achieved through optimization of the design 
by minimizing the material without affecting the quality and safety of the 
product. In addition to a better environment and more sustainable 
development, it often leads to financial gain and increased customer value, 
making it interesting for both society and businesses alike.  

The purpose of this study was to optimize the design of a specific fitting by 
reducing the weight, yet keep the strength, form, fit and function intact. The 
study will also investigate the choice of material. This will be done through 
material and design studies, along with strength calculations of the product 
in question.  

The study was performed in two separate steps. The first being a study of 
zinc alloys, where a handful of zinc alloys were compared to each other, 
graded against sought after attributes. The second step was the design 
optimization. The design optimization was backed with data from 3D-
scanning and strength analysis using FEM. A thorough comparison of 
design was obtained from the 3D-scanning, comparing two models of the 
same product that had a variation of weight. The strength analysis presented 
information of where the critical areas occur, and how well the part fares 
against set strength requirements.  

The zinc alloy study provided with a recommendation of the ZA-8 alloy. It 
is an alloy with a good combination of great strength, low density and price. 
The result of the design optimization indicates a possible weight loss of a 
certain percentage, without going under the set requirements of the fitting. 
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Sammanfattning 
Vikten av en hållbar produktutveckling är ett ämne som är oundvikligt i 
dagens samhälle. Koncept så som ekodesign och continuous improvements, 
CIs, fokuserar på att reducera produkters miljöpåverkan, förbättra kvaliteten 
och minska kostnaden genom dess livscykel. Detta kan uppnås med hjälp av 
optimeringar av designen genom att minimera materialet utan att sänka 
produktens kvalitet eller säkerhet. Utöver en sänkt miljöpåverkan och en 
mer hållbar produktutveckling så leder det även ofta till ekonomisk vinst och 
ökat kundvärde. Detta gör designoptimeringar attraktiva för likväl samhället 
så som företagen involverade. 

Syftet med denna studie var att förbättra utformningen av ett specifikt beslag 
genom att minska vikten, men behålla hållfasthet, form, passning och 
funktion intakt. Studien kommer även att undersöka materialvalet. Detta 
kommer att uppnås genom material- och designstudier tillsammans med 
hållfasthetsberäkningar av produkten i fråga. 

Studien utfördes i två separata steg. Det första var en studie av 
zinklegeringar, där en handfull zinklegeringar var jämförda med varandra, 
och graderade mot eftertraktade attribut. Det andra steget var 
designoptimeringen, som baserades på data från 3D-skanning och 
hållfasthetsanalanalys genom FEM. En grundlig jämförelse av designen 
erhölls från 3D-skanning, jämförande två modeller av samma produkt som 
hade en variation av vikt. Hållfasthetsanalysen presenterade information om 
var de kritiska områdena inträffar, och hur bra beslaget möter 
hållfasthetskraven.  

Zinklegeringsstudien resulterade i en rekommendation av legeringen ZA-8. 
Det är en legering med god kombination av bra hållfasthet, låg densitet och 
lågt pris. Resultatet av designoptimeringen indikerar på en möjlig 
viktminskning av en viss procentsats, utan att fallera de uppsatta kraven för 
beslaget. 
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Abstract 
Continuous improvements are an integral part for the development of 
everyday life. These improvements do not only ascertain financial gain but 
also lessening the environmental impact.  

The purpose of this study is to gain a deeper understanding of the design 
process and the decisions required to achieve an optimal design with respect 
to weight reduction, while retaining the required strength. The study will 
also investigate the choice of material. This will be done through material 
and design studies, along with strength calculations of the product in 
question.  

The conclusion from this study is that it is possible to save a certain 
percentage of the material used, while keeping the strength, form, fit and 
function intact. The material study provided with a recommendation of the 
zinc alloy ZA-8. It is an alloy with a good combination of great strength, 
low density and price. 

Keywords: design, optimization, design improvement, weight reduction, 
design for environment, DFE, material study, 3D-scanning, reverse 
engineering, FEM, FEA, finite element method, strength analysis 
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1. Introduction 
This chapter introduces the study through background, problematization, 
purpose, research question, and the limitations of the study. 

1.1. Background 

Man’s impact on the earth's environment has increased and the importance 
for companies to operate sustainable with a better product development has 
increased with it. Ecodesign is a concept that in recent years has become 
more popular in product development. The focus of this is to reduce the 
product’s environmental impact throughout its life cycle through a better 
design, analysis and synthesis. In addition to a better environment and more 
sustainable development, it often leads to financial gain and increased 
customer value [1, 2, 3]. 

Developing products that satisfies the customer and create competitive 
advantages in the business can be a big challenge. Another thing that can be 
as challenging, is maintaining and improving the products throughout its life 
cycle. In order to do this and build competitive advantages, product-centric 
continuous improvements (CIs) can be performed. The product-centric CIs 
are improvements of the product design and are often divided into two 
categories, to improve quality and to reduce cost [4]. A reduction of cost can 
be achieved through optimisation of the design by minimizing the material 
without affecting the quality and safety of the product. 

The home furniture business is large and includes many international 
companies. It is important for these companies to operate their product 
development in a sustainable way. This due to the big impact that the 
industry has to the many people, through its products that are to be a part of 
someone's home. The end product, as a furniture, often consist of many 
components, such as fittings, screws and bolts and it is important that the 
sustainability is reflected in every single component.  

1.2 Problem formulation 

There is no doubt that the home furniture business is large, and the often-
forgotten industry of fittings is a rudimentary component of home furniture. 
A wide variety of fittings and fasteners that can be used in the furniture 
industry exists. One of these fastening devices is a solution consisting of two 
parts, one dowel and one spiral cam, seen in Fig. 1. Possibilities for weight 
loss of these components have been identified without affecting its strength, 
form, fit or function. The result of this can lead to major financial savings 
annually and to great savings on the environment in form of less material 
use and transportation. 
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Fig. 1: Picture of the dowel and spiral cam. 

These savings can be made by changing some design elements of the spiral 
cam. By examining the current design with different kinds of methods and 
calculations, a design optimization could be achieved. 

By conducting a material study, it is possible to gain knowledge of the 
material that is currently used, and to find suitable alternatives with 
equivalent properties. This is to enable an improved design [5]. 

Using reverse engineering and 3D-scanning components to later be able to 
make a virtual analysis of how the components really look is another method 
that can be used during design optimization. This eases future changes to the 
design when there are defined measuring points [6]. 

A FEM analysis, or the finite element method, is a way to make digital 
strength calculations to see the weaknesses and strengths of a product. This 
tool can be used to analyse the current design and the potential improvement 
in a new design [7]. 

The study can combine these methods of improving the products design in 
order to achieve a desired result. This due to that these methods are already 
well researched and seemingly proven to be effective in similar cases as this 
study.  
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1.3 Purpose 

The purpose of this study is to gain a deeper understanding of the design 
process and the decisions required to achieve an optimal design with respect 
to weight reduction, while retaining the required strength. The study will 
also investigate the choice of material and. This will be done through 
material and design studies, along with strength calculations of the product 
in question.  

1.4 Research Questions 

This work will answer the following questions. 

- How can the weight of the spiral cam be reduced without impairing its 
strength or affecting its form, fit and function? 

- Which zinc alloy is best suited for the spiral cam? 

1.5 Limitations 

The study will have a focus area on design optimization with the help of 
virtual analyses and the construction of a fastener that is used for frame 
assembly. It will also include a material study in which different alternatives 
of zinc alloys are studied. 

The company are reluctant to change some of the design feature, so 
adjustments to form, fit, function and material group is kept to a minimum. 
This can lead to large costs in the form of extra work for the company. The 
components are used in many different products and can then result in all 
products having to be altered. 

Selection of the manufacturing method will not be investigated since this is 
already chosen by the company based on their experience and knowledge. 
Since a mass production is already started, the supplier can only make minor 
adjustments to existing tools, or eventually update to a new tool with the 
improvements. 
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2. Research methodology 
This chapter presents the studies research design and method selections. It 
also describes how the work deal with scientific quality and ethical 
questions. 

2.1 Research design 

The research design is presented in Fig. 2. This shows systematically how 
the study is executed from start to end. It is divided into three phases and the 
first phase is problematization and preparation. This phase is the starting 
phase of the study where the problem is identified. A literature study is 
performed to validate the choice of application methods and a material study 
of different zinc alloys is also executed. It is done in order to compare the 
different alloys with respect to strength, weight and cost. 

The second phase is the application phase. CAD models of the components 
are defined, and physical components are 3D-scanned in order to get defined 
measurement points. A FEM analysis is later performed to locate critical 
points in the components structure where stress concentrations and other 
weaknesses occur. The improvements to the design are then made with 
respect to the result of the material study and FEM analysis. The FEM 
analysis and design improvements iterates until a desired design is achieved. 

The third and final phase is the evaluation and conclusion phase. This starts 
with evaluating the design improvements that are accomplished through 
further FEM analyses. After the evaluation and eventual adjustments to the 
design, the technical documentation is performed. This includes 3D CAD 
models and technical drawings that in the end of the study is submitted to 
the company along with the rest of the work that is done.  

 

Fig. 2: Research design presented in a figure. 
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2.2 Method selection 

The study’s different method selection and motivation are stated in the 
following sections.   

2.2.1 Scientific approach  

There are different ways of approaching science and it is often divided into 
two extremities, positivism and hermeneutics. Positivism put facts in focus 
and adds new knowledge into old knowledge. The hermeneutics, or non-
positivist, have its focus on understanding and interpretation [8].  

This study will be highly positivistic because the work that is performed are 
all based on facts and information that is gathered from literature study, 3D 
scanning and simulations in the FEM analyses. The study is not based on 
any interpretations and is therefore not hermeneutic.  

2.2.2 Scientific research method 

The choice of research method is the choice of how data should be collected 
and processed. There are two different research methods commonly used; 
the quantitative and the qualitative method. Main differences are that the 
quantitative method strives to explain a general bigger picture using 
extensive data, while the qualitative methods strive to explain one niche key 
element in depth [8].  

This study will therefore have a qualitative research method, where the 
subject examined is specific to this study. The observations that will be held 
will mainly contain complex data that, though numerical, is hard to describe 
with simple graphs. Even though the study will focus on a particular case, 
the overall method could be utilized in other examples with a similar way of 
work.   

2.2.3 Scientific strategy  

During research, one of the tasks of the scientist is to put the theory and 
reality into relation with each other, and the scientific strategy describes how 
one relates the two. The strategy can follow three different kinds of methods 
of reasoning, deductive, inductive and abductive. The deductive way of 
reasoning only studies current theories, builds a picture of how the reality 
should work and then tests if it was correct. The inductive neglects current 
theories and only studies the reality and then builds a theory based on the 
observation. Lastly the abductive way of reasoning starts out as inductive 
and studies the reality. With the observation finished, a hypothesis is 
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conducted that is then compared to the current theories in a deductive 
manner [8, 9].  

The strategy of this study will follow the deductive method of reasoning. By 
starting with a literature study and build a picture of how the design 
optimization can be performed in order to reduce weight. Then the 
optimization will be executed based on the information gathered. 

2.2.4 Data collection method 

There are different kinds of data collection methods to use for research.  In 
this study, the main sources will be from literature studies and observations 
of virtual simulations. These methods will be shortly described below: 

- The literature that will be utilized will mainly be books and reports. This 
kind of data is called secondary data. The use of ‘secondary’ derives 
from the notion that the written books and reports did not take this 
study’s case into consideration. By using these sources, a certain critical 
viewpoint is needed. 

- The observations will mainly be of complex strength simulations. These 
observations could be seen as an experiment, but the nature of the data 
that will be collected is more qualitative. This is because the data is hard 
to describe in quantitative terms [9]. Experiments are based on the usage 
of a ‘artificial’ reality, where a made up ‘mini-reality’ imitates the 
original without interfering. This method is ideal when a certain case is 
studied, and the data is definable with a variable [10]. This kind of data 
is of the primary nature, which means that it is generated by and for this 
study’s particular case [9].  
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2.2.5 Summary of method selection 

Fig. 3 summarises the method selections that has been done in this study. 

 

Fig. 3: Summary of method selections. 

2.3 Scientific quality 

In order to assess the scientific quality of the work and the data that is 
collected, the validity and reliability are examined. The validity means that 
the correct matter is studied, and the reliability means that the matter is 
studied in the correct way. It is very important to have both a high value of 
validity and a high value of reliability to achieve an accurate result. If the 
validity and reliability is low, it will be scattered result with poor quality. If 
the validity is low and the reliability is high, it will be a reliable result of the 
incorrect subject. A critical review of the collected data is therefore an 
important part of the study [9]. 

This study will contain FEM analysis and will increase the validity due to 
the identification of critical areas that the design optimization will take into 
account. Analysis of the design will also be performed after design 
improvements are made, to make sure that the part will withstand the loads 
and increase reliability.  

2.4 Ethical questions 

Ethics is something that includes in the daily life of every individual. It is 
something that also is very important in scientific work. To follow good 
practice, remain impartial and make sure that no harm is done to the 
company that the study is performed at [9]. 
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Another thing that is important to consider in scientific work within 
engineering is the fundamentals of engineering ethics. The most crucial part 
within engineering is to develop safe products. Engineers design many 
different products and can be in many cases dangerous, and even deadly, if 
the product is designed incorrectly by an unethical engineer [11].  

The products that this study handles, affect the many people in their own 
home and the users rely on that the company provides safe products. It is 
therefore very important to make sure that the study provide a safe solution 
and that it is treated with great honesty and integrity. Even if the study’s 
focus is to minimize the amount of material, the safety of the product is the 
highest priority. This is achieved by making sure that the product passes the 
company’s test requirements. In a long-term point of view, the safety of 
humans is connected to a sustainable society with less energy consumption 
and lower amount of emissions from demanding production processes and 
transportation. Reducing the weight of a mass-produced product is therefore 
a good solution for a more sustainable and long-term safer product. The 
content is also studied objectively so that readers can evaluate the result that 
is achieved. 

This study is carried out at a company where a confidentiality agreement is 
signed from three parties: students, company and university. This is done 
because confidential information from the company cannot be included in 
the final public report.  
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3. Empirical Data 
This chapter presents the empirical data that is collected in the study. It 
contains a description of the original design, how and where the product is 
used and some requirements that needs to be fulfilled. 

3.1 Original Design 

The original design of the spiral cam is presented in Fig. 4 and Fig. 5. These 
figures demonstrate different views of the 3D model with outer dimensions 
stated. The spiral cam is manufactured in two parts, top- and bottom part, 
and are later riveted together. The manufacturing method is hot chamber die 
casting. 

 

Fig. 4: Side view of the 3D model of the original design. 

 

Fig. 5: Isometric views of the 3D model of the original design. 
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3.2 Context 

The connecting fittings are used for frame assembly of furniture. An 
example of the placement of the fittings can be seen in Fig. 6. The spiral 
cam is located in the side board, while the dowel is fastened into the bed leg. 
By rotating the spiral cam in place, the fitting pair is pulled together, similar 
to the way a nut and bolt is utilized. The main difference is that the spiral 
cam has radial threads instead of axial.  

 

Fig. 6: Placement of the fittings [12]. 

3.3 Requirements 

The company has decided some requirements that will be followed as 
closely as possible. The weight of the spiral cam should be able to be 
reduced by a certain percentage, since this possibility has already been 
identified by the company.  

There is also a set requirement for the choice of material. This requirement 
states that the material needs to be a zinc alloy. This limits the material study 
to a study of zinc alloys.  

The dowel and spiral cam must be able withstand a specific tensile load 
without any plastic deformations on any of the components. The tightening 
torque requirement of the spiral cam is set to a certain amount. The jig used 
for testing is made of plastic, to reduce the friction during torque tests. 

The company has specified that the connecting fitting can’t change ‘article 
number’, which mean that form, fit and function needs to stay the same. The 
main reason for this is that the fastener needs to fit with the furniture using it 
as of now with the original design.  
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4. Theory 
This chapter presents the theoretical data that has been used during the 
study. It contains information about the Zinc alloy research and some 
information about how the different methods/tools that are utilized works.   

4.1 Material Selection Process 

A material selection process is typically used for selecting material for a 
design. This process can be described shortly in firstly identifying the 
desired attributes profile, such as resistant to corrosion and a low density and 
secondly comparing this attribute profile with materials to find a match [13]. 

The key for material selection is to be able to translate expressed functions, 
constraints and objectives into design requirements. An example of this 
could be that a motorcycle helmets visor needs should protect the face of the 
driver to a maximum. The visor then needs to be both highly durable and 
transparent for protection without the need for cut-outs for vision [13].  

With all the design requirements set, a screening of materials is commenced. 
The screening eliminated all the materials that do not fit. Continuing the 
example from before eliminates all wooden material, most ceramics material 
and most metal material because the lack of transparency [13].  

The rest of the materials are then ranked to determine which fit the best. 
These rankings compare material indices. A highly adopted method for 
comparing and ranking materials is the use of Ashby charts, seen in figure 
Fig. 7. The chart indicates where different material families corelate to each 
other in terms of density and strength. These charts can have other attributes 
that are sought after [13]. 

 

Fig. 7: An Ashby chart depicting density on the x-axis and strength on the y-axis. Each 
colour represents a material family.  
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The top-rated materials from the ranking are then researched for further. The 
documentation includes information such as reputation, strengths, 
weaknesses and availability. Thorough examinations of each of the top-
ranked materials is essential to find the best fit for the sought-after design 
[13]. 

The final choice of material is then done with local conditions considered, 
such as expertise or equipment [13]. 

4.2 Zinc Alloys 

Zinc alloys are mainly used for die casting, where some use cases could be 
handles, kitchen knobs and ornaments for kitchenware. Zinc alloys are easy 
to surface treat and are often coppered or nickelled [14]. The zinc alloys 
consist of zinc, aluminium, magnesium, copper and occasionally other 
metals. The aluminium improves on the castability and improves both 
ultimate tensile strength and yield strength. The amount of aluminium varies 
greatly, between 3,9 % and 28 %, but the more common alloys stay below 
8,8 %. Copper is added for improved castability but impairs the alloy with 
respect to aging. Copper content can range between 0,1 % and 3,3 %. 
Magnesium counteracts the intracrystalline decay, and only range between 
0,012 % and 0,06 % [14, 15]. 

There are several different zinc alloys that often gets divided in two families. 
The first and commonly used are the ‘Zamak’ alloys, which include Alloy 2, 
Alloy 3, Alloy 5 and Alloy 7, see Table 4.1. What sets the alloys apart is the 
composition of material which generate different properties to the alloys. 
The other family is zinc alloys that contains more aluminium, ‘ZA’ alloys. 
These includes ZA-8, ZA-12 and ZA-27 [16]. 

Table 4.1: The two zinc alloy families, traditional and high aluminium zinc alloys. 

Traditional zinc alloys High aluminium zinc alloys 

Alloy 3 ZA-8 

Alloy 7 ZA-12 

Alloy 5 ZA-27 

Alloy 2  

The die casting process, which is a high-speed casting process where the 
molten metal is injected into a cavity or several cavities in a split second. 
This method enables complex geometries to the parts that are produced due 
to that the molten metal easily fills the cavities with high pressure. It can 
also be done with cores in the die. The molten metal quickly chills in the 
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relatively cool die and creates a fine metallurgical grain structure. This 
generates a higher strength than other manufacturing methods used for zinc 
alloys [17].  

There are two types of die casting machines, hot-chamber die casting 
machine and cold-chamber die casting machine. The alloys with a lower 
amount of aluminium (up to 8-9 %) is usually casted in a hot-chamber 
machine and this process is faster and more economic than the cold-chamber 
process. The alloys that are casted in the cold-chamber machine are the 
alloys with higher amount of aluminium (over 8-9 %) because it becomes 
more corrosive to the machine. The molten metal is poured into the injection 
cylinder for each shot when casting with the cold-chamber machine. When 
casting with the hot-chamber machine, the metal pump and piston is 
constantly in the molten metal and automatically feeds the injection cylinder 
with metal to shoot into the die.  [17].  

Zinc alloys has a good strength combined with good stiffness. This makes it 
possible to produce thin-walled parts in order to reduce weight. Thickness of 
the walls can be around 1 mm and 0,5 mm and very low tolerances can also 
be achieved. This can be compared to aluminium alloys which can achieve a 
wall thickness of around 2 mm. The dies to the zinc castings have a very 
long life and can withstand 500 000 to 2 000 000 shots. Dies for aluminium 
alloys can withstand around 100 000 shots before it is in need of repairs 
[17].  

Tool cost for die casting zinc alloys varies, depending on size and 
complexity. It is usually around 10 000 – 40 000 US dollars. Zinc alloys can 
also be casted up to five times faster than aluminium alloys. This lowers the 
cost per unit when producing zinc alloyed components compared to 
aluminium. Another aspect that makes the zinc alloys economical is the low 
melting point. Tests have been made in a coreless line-frequency induction 
furnace, where documentation of energy use when melting different 
materials where made. Energy required to melt the different alloys were 130 
kwh/ton for zinc, 220 kwh/ton for brass, 400 kwh/ton for aluminium and 
500 kwh/ton for cast iron [17].  

4.2.1 Alloy 3 

Alloy 3 is a zinc alloy that often goes by the name Zamak 3, or the UNS 
Z33525. This alloy is the most used alloy in North America and is primary 
used when the manufacturing method is pressure die casting. Characteristics 
that defines the alloy is a good castability and balance between the 
mechanical properties. Other properties are long-term dimensional stability, 
finish acceptable to surface coating (plating, painting and chromate 
treatments) and good damping capacity [15, 18]. 

The material composition of Alloy 3 can be seen in Table 9.1, Appendix 1.  
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The combination of material in this alloy results in the mechanical properties 
that are presented in Table 9.2, Appendix 1. The strength and hardness of the 
alloy is low compared to the other alloys, although it has a high value in 
elongation which makes it more ductile.  

Physical properties are presented in Table 9.3, Appendix 1. The density and 
melting point of this alloy is equal to the other Zamak alloys. The density is 
higher than the ZA alloys and the melting point is lower than the ZA alloys. 
This due to the lower amount of aluminium than the ZA alloys contains.  

4.2.2 Alloy 7 

Alloy 7, also called Zamak 7 or Z33527, is a variant of Alloy 3, that has less 
impurities. The amount of magnesium is lessened because of this. A lower 
magnesium percentage contributes to improved casting fluidity, surface 
finish and ductility. These combined improvements make for better thin 
walled product with high surface finish requirements [16].  

Material composition can be found in Table 9.1, Appendix 1.  

Mechanical properties of Alloy 7 are located in Table 9.2, Appendix 1. The 
mechanical properties are almost identical to Alloy 3, as the magnesium 
only works as a countermeasure to intracrystalline fragmentation [14]. 

Physical properties are presented in Table 9.3, Appendix 1. These are similar 
to Alloy 3 as well.  

4.2.3 Alloy 5 

Alloy 5 can also be referred to as Zamak 5 or Z35533. No. 5 is the most 
widely used zinc alloy in Europe. The increased percentage of copper, with 
Alloy 3 as a reference, improves the castability, creep performance and 
hardness of the material. These improvements come with the reduction of 
ductility, which impairs the formability in secondary bending. Alloy 5 is 
used where a higher tensile performance is needed [16].  

Material composition, mechanical properties and physical properties can be 
found in Table 9.1, Table 9.2 and Table 9.3, Appendix 1 

4.2.4 Alloy 2 

Alloy 2 (Z35545 or Zamak 2) has a higher copper percentage, around 3 % 
compared to Alloy 3:s 0,3 %. This increase of copper improves the strength 
and hardness of the material, while changing the materials long-term aging 
properties. The long-term aging affects the materials dimensions by 
increasing slightly, a lower elongation and reduced impact performance. 
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While suffering some loss of properties from long-term aging, the hardness 
and strength is not affected [16].  

Because of the properties of the alloy, bushings and wear inserts can be 
integrated into the die cast design [16].  

The material composition of Alloy 2 can be found in Table 9.1, Appendix 1 
and the mechanical properties of Alloy 2 can be found in Table 9.2, 
Appendix 1. 

The density and melting point of Alloy 2 is equal to the ones of the other 
conventional zinc alloys 3, 5, and 7. The physical properties of Alloy 2 can 
be found in Table 9.3, Appendix 1. 

4.2.5 ZA-8 

ZA-8 (Z35638) is the first alloy in the ‘ZA-series’ with more aluminium 
than the Zamak alloys. ZA-8 is often an alternative to Zamak 3 and 5 due to 
their combination of high strength and creep properties. This alloy is also 
suitable to hot chamber die casting along with the Zamak alloys [16]. The 
alloy is more aggressive than the Zamak alloys which results in about 30 % 
more wear on the casting tool [19].  

Material composition of the alloy is presented in Table 9.1, Appendix 1. The 
remaining percentage of material is zinc.  

The alloys mechanical properties are presented in Table 9.2, Appendix 1. 
The properties that characterise ZA-8 is high strength, good creep properties 
and high hardness. 

Physical properties of ZA-8 is seen in Table 9.3, Appendix 1. Due to the 
higher amount of aluminium and lower amount of zinc, it has a lower 
density than the Zamak alloys. This also results in a higher melting point. 

4.2.6 ZA-12 

ZA-12 (Z35633) is the second alloy of the ZA alloys that contains a higher 
value of aluminium. This alloy is often manufactured by casting in 
traditional sand, permanent or graphite mould. It is also suitable for cold 
chamber die casting. This alloy is often compared with ZA-27 due to its 
higher strength and amount of aluminium [16]. 

The composition of the material is presented in Table 9.1, Appendix 1. 

Mechanical properties are presented in Table 9.2, Appendix 1. ZA-12 is one 
of the zinc alloys that have a very high strength.    
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The higher amount of aluminium is making the density decrease. Melting 
point is increasing with the increasing amount of aluminium. Physical 
properties of ZA-12 can be seen in Table 9.3, Appendix 1. 

4.2.7 ZA-27 

ZA-27 (Z35841) is the final ZA alloy, that contains the highest percentage 
of aluminium, 27 %. The high amount of aluminium increases the strength 
of the material further than ZA-12. The ZA-27 alloy is ideal when the main 
characteristic that is sought after is strength. Material composition can be 
found in Table 9.1, Appendix 1 [16].  

The key feature of ZA-27 is its mechanical properties, that can be found in 
Table 9.2, Appendix 1. 

The high amount of aluminium lowers the density of the material 
substantially, but also increase the melting point of the alloy. This limits the 
possibility to use hot chamber die casting, and instead is only usable with 
cold chamber die casting. The physical properties can be found in Table 9.3, 
Appendix 1. 

4.3 Computer-Aided Design 

Computer-aided design, or CAD, is the act of using a computer for making 
drawings and designs. These designs can be two or three dimensional. Using 
CAD gives the user a near limitless productivity boost, compared to working 
by hand, with the ability to create, modify, analyse and optimize in an 
instant. The designs created using CAD are often vector driven, meaning 
there are underlying mathematics determining how each line is drawn. This 
is however mainly not seen, as tools has been developed to work in a 3D 
space changing the design seamless, without the need to know complex 
mathematics [20].  

4.4 Reverse Engineering 

Reverse engineering, or RE, is a technique that takes physical models and 
turning it into 3D data in digital form. The process is divided into two 
phases. The first phase is digitizing or measuring the physical model. The 
second phase is 3D-modeling of the part that derived from the data. The data 
is processed into a solid model that can be exported to CAD systems. How 
the physical model is measured and digitized is often done by 3D scanning 
with a 3D coordinate measuring machine (3D CMM) [6]. 
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4.4.1 3D-Scanning 

It exists two types of the measuring machines that is used during the 3D 
scanning process. The first is the contact type where the machine has a probe 
that touches the surface of the model in many different places to collect data 
points. The data points are gathered in X-, Y- and Z-directions in a 
coordinate system and can later be translated into a solid model when a 
desired amount of data points are collected. This method can provide an 
accurate result but is time consuming. The second type is the non-contact 
type, which is a scanning process done by laser or photo sources. This 
process can collect many data points in a short amount of time [6].  

These data points are scattered in a 3D-space, knitting together the form of 
the scanned object. The scanned object can then be compared to another 
object. The cloud of data points from the first object is compared to the 
cloud of the other. If there are minor differences between the object and the 
comparison is aligned correctly, deviations can be visible. The deviation is a 
difference of data point location.  

4.5 Finite Element Method 

The finite element method, FEM, is a tool developed to do various 
modelling and simulations of advanced engineering systems. To a 
beginning, the FEM was used for analysing solids and structures, in terms of 
strength, but the method has potential in among other thermodynamics and 
fluid dynamics. In short, the method determines a distribution of field 
variables, such as displacement in structural mechanics or the temperature 
flux in thermal analysis. These field variables are numerical and are 
approximated using advanced mathematics. The problem that is being 
analysed is often called in mathematical terms the problem domain, and to 
be able to do these calculations the problem domain is divided into smaller 
parts called elements. These elements often have a simple geometry, a 
rectangle or a triangle. With the problem divided into smaller elements, each 
element then has the fundamental laws of physics applied. Each element is 
connected to the next and what follows is a long chain of calculations for 
each of the elements [21].  

The analysis is divided into three steps, seen in Fig. 8. These steps are 
described further below in the following sections.  
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Fig. 8: The process of a finite element analysis.  

4.5.1 Pre-processor 

The following sections contains the process of which the model is prepared. 
The solver then uses these restraints to solve the problem domain.   

4.5.1.1 Mesh and elements 

To be able to do simulations using the 3D-model, a mesh of the model is 
needed. The mesh is a ‘translation’ of the shapes and features of the 3D-
model into numerical data points connected with strings. Data points bind 
together into elements that can have a variety of shapes, most commonly 
tetrahedrons, pyramids, triangular prisms or hexahedrons (see Fig. 9), which 
are placed in a three-dimensional space with X, Y and Z axes. Putting these 
elements together creates nodes in the intersecting parts. When solving an 
analysis using the finite element method, a differential equation is solved in 
each of these nodes, multiple times over. There are several different solvers 
that use different kinds of equations, for various reasons including 
optimization and accuracy [22, 23]. 

 

Fig. 9: The different kinds of elements. 

Unnecessary detail in the mesh can also result elements that are harder to 
calculate. Fig. 10 highlights a preferred and a non-preferred element. The 
second element is mainly harder for the software to solve and can thus create 
problems that end in errors [22, 23].  

Pre-processor Solver Post-
processor
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Fig. 10: a) a good element and b) a bad element for calculation. 

4.5.1.2 Material model 

The material model distributes the solver with the information needed for 
calculating. The material model contains data about the material such as 
modulus of elasticity and yield strength [22, 23]. Table 4.2 highlights the 
needed material data taken from the zinc material standard. 

Table 4.2: Material data needed for solver, data for zinc alloy no. 5 [15]. 

Elastic Modulus 85500 𝑁𝑁/𝑚𝑚𝑚𝑚2 

Poisson’s Ratio 0,3 

Tensile Strength 328 𝑁𝑁/𝑚𝑚𝑚𝑚2 

Compressive Strength 600 𝑁𝑁/𝑚𝑚𝑚𝑚2 

Yield Strength 228 𝑁𝑁/𝑚𝑚𝑚𝑚2 

It is possible to calculate with different material models. These models differ 
in how the material changes over time. All materials in reality are non-
linear, meaning the properties of the material change over time and different 
stresses. The software can however interpret the material as both linear and 
non-linear. The linear model is faster, but also not as accurate as the non-
linear. Some software has the possibility to enter data points from a stress-
strain curve for better accuracy. Fig. 11 shows an example of a stress-strain 
curve of which data can be added to the software  [22, 23].  
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Fig. 11: An example of a typical stress-strain curve.  

4.5.1.3 Boundary conditions 

Boundary conditions is the way to describe how to different parts will affect 
each other when in contact. There are commonly three types of conditions; 
no penetration, allow penetration and bonded. The name can vary between 
different software, but they behave the same. Two faces with the boundary 
condition of no penetration are not able to penetrate each other and will 
build up stresses in the faces. This condition serves the purpose of 
calculating stresses that is built up from surface contact. Allow penetration 
lets two faces penetrate and not interfere with each other. No stresses will 
occur from the faces connecting or interfering. Finally, the bonded 
connection bond the two faces together, making for an infinitely strong bond 
as if the two faces were moulded together. The purpose of this connection is 
if the surface contact itself is not interesting but how the stresses build up 
from the relation of the faces [22, 23].  

4.5.1.4 Loads and displacement 

Loads can be defined in a variety of different ways, including force, torque, 
pressure, gravity and others. The most common load is a force put on a 
surface. A value is chosen for the force and is then distributed on the chosen 
face.  

Instead of putting a predefined force on the object, it’s possible to force a 
face of the model to move a predetermined distance. This kind of prescribed 
displacement makes for a more stable simulation and decreases the run-time. 
The simulation becomes more stable because the degrees of freedom are 
reduced and there is a lower risk for irregular results  [22, 23]. 
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4.5.2 Solver 

The solvers mission is to solve algebraic equations simultaneously 
throughout the model, that was prepared in the pre-processor. These 
equations occur in the nodes between elements, and have different 
appearances depending on the type of study. 

There are two different kinds of methods for the solver, the direct (or sparse) 
and the iterative. The direct method uses exact numerical techniques while 
the iterative uses approximative solution, where it checks if the solution is 
acceptable or continues to iterate until the error is tolerable [22].  

4.5.3 Post-processor 

The post-processor of the analysis presents the results from the solver. This 
is done through colour alterations of the 3D-model and diagrams. It is 
possible to showcase a variety of data, including stresses, strain and 
displacement. Fig. 12 displays a 3D-model with the stresses, indicating 
where the highest concentrations can be found. The data is easy to 
understand and only an elementary knowledge of solid mechanics is needed 
[22].

 

Fig. 12: Von Mises stresses in a wrench from a load put on the ring. The red area 
indicates where the highest stresses can be found.  
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5. Implementation 
This chapter contains the implementation of previously mentioned theories 
and methods. The chapter is divided into the different methods used to 
achieve the desired results. 

5.1 Comparison of zinc alloys 

The material study has been conducted in two phases, the research phase and 
the comparison phase. The research phase resulted in that some alloys can 
be considered as irrelevant due to different reasons. Table 5.1 below 
presents these alloys and reason why they are removed from further studies. 

Table 5.1: Table of excluded alloys and motivation why. 

Excluded 
alloy: Motivation to exclude: 

Alloy 3 Alloy 3 is a weaker and softer alloy that is not desired in this 
study. 

Alloy 7 Alloy 7 is a variant of alloy 3 which is also weaker and softer than 
desired. 

ZA-12 ZA-12 is an alloy that demands cold chamber die casting. This 
conflicts with current manufacturing method which is hot chamber 
die casting. 

ZA-27 ZA-27 is an alloy that demands cold chamber die casting. This 
conflicts with current manufacturing method which is hot chamber 
die casting. 

The properties that has been deemed important for the comparison of the 
remaining alloys are; strength, ductility, suitability for design, suitability for 
current manufacturing, durability, price and density. These properties are 
described below. 

• Strength of material is rated with the ultimate tensile strength and the 
regular tensile strength of the alloy. A higher value leads to a higher 
rating.  

• Ductility is the alloys ability to deform without rapture. The main 
attribute that differentiates this value is the elongation. A higher 
value leads to a better rating.  

• Suitability for design is how suitable the alloys properties and 
composition are for the design. The main attribute that affect the 
suitability is the fluidity of the alloy. A thin-walled design requires a 
higher fluidity and thus governs a higher rating.  
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• Suitability for current manufacturing covers the manufacturing 
process that is used for production as of this writing. Some alloys 
require another manufacturing method than the one used as of now, 
and this leads to a lower rating than the alloys that have the same 
method.  

• Durability is the alloys ability to sustain to long-term damage and the 
hardness of the material. The attribute that affects this rating is the 
fatigue strength and material hardness. A higher hardness value and 
fatigue strength leads to a better rating.  

• The price is an estimation of the material and manufacturing cost, 
relative to each other with Alloy 3 as the reference. A low price is a 
high rating and is thus positive.  

• Density of the material is how dense the material is. A low density is 
sought after in this case, and is therefore a positive attribute, 
generating a higher rating.  

Much of the information that has been used can be found in 2.1.1 Zinc 
Alloys, Appendix 1 and in Table 5.2 below. The table shows the different 
zinc alloys that has been examined, and how they compare to each other. 
The properties have been chosen with the design improvement in mind and 
serves as a restriction as some properties are irrelevant and won’t serve a 
purpose in this case study.  

Table 5.2: The information used for the rating of the different alloys [15], [17], [18].   

 Alloy 5 Alloy 2 ZA-8 
Ultimate Tensile Strength / Yield 
Strength [MPa] 

328 / 228 359 / ----- 374 / 290 

Elongation  
[in 51mm] 

7 % 7 % 6 – 10 % 

Melting Temp. [°𝐶𝐶] 384°𝐶𝐶 385°𝐶𝐶 390°𝐶𝐶 
Fatigue Strength [MPa] / Hardness 
[Brinell] 

56,5 / 91 58,6 / 100 103 / 103 

Material price¹ [SEK/kg] 30 32 30,5 
Density [𝑔𝑔/𝑐𝑐𝑚𝑚2] 6,6 6,6 6,3 
¹ Material price is based on commodity prices for the time that this study is written.   
These values can therefore differ with time. 

The alloys were then rated against a scale of 1-5, with 5 being the best and 1 
being the worst. The rating is performed with an objective individual view 
on each of the alloys, then compared with each other after. A comparison 
with the best suited alloys, Zamak 2, 5 and ZA-8, can be found in Fig. 13. A 
comparison of all the alloys can be found in Appendix 2. 
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Many of the ratings are entirely based on the different attributes the alloys 
have. Yet, some needs more explanation. The design suitability serves to 
answer how well the design can be manufactured with a certain alloy. Some 
alloys have better castability than others, and this in turn allows for 
decreased wall thickness.  

 

Fig. 13: Rating of the alloys 5, 2 and ZA-8. A rating of 5 is the best, while 1 is the worst. 

Due to that Zamak 5 and ZA-8 are similar in price, some simple calculations 
of the profitability of a general case of mass production were made. The 
graph in Fig. 14 demonstrates the relation between costs and number of 
shots in the tool for the two alloys. The costs consist of tool cost and 
material cost.  
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Fig. 14: A graph demonstrating the relation between cost and shots in a tool for the 
different alloys. 

The final material recommendation can be found in 6. Results and Analysis. 

 
  

M
at

er
ia

l c
os

t +
 to

ol
 c

os
t

Number of shots

Zamak 5 ZA-8



 

26 
Johansson & Sjöqvist 

 

5.2 Design 

The implementation of the design phase is found in the sections below were 
a description of how the different methods were used for making the design 
optimization. 

5.2.1 3D-Scanning 

The implementation of the 3D-scannings process and the comparison phase 
is presented under following sections. These sections describe how the parts 
are scanned and modelled with in order to get the study’s result.  

5.2.1.1 Process 

The 3D-scanning is done with a 2-axis laser scanning machine. One of the 
axes is defined by moving the laser head up and down. The second axis is 
the rotating plate that the scanning object is placed on. A picture of the 
machine can be seen in Fig. 15. 

 

Fig. 15: Picture of laser scanning machine. 

In this case, the objects that are scanned are two spiral cams of different 
designs. 



 

27 
Johansson & Sjöqvist 

 

The settings of the machine are decided in a computer software. This is done 
before every scanning process to make sure that the laser will scan the object 
as good as possible. The laser head scans the spiral cam from top to bottom, 
one time for each rotating angle of the table. A picture of the scanning 
process is seen in Fig. 16.  

 

Fig. 16: Picture of the scanning process of the spiral cam. 

The spiral cam is manufactured in two parts and riveted together. These 
parts need to be separated before scanning so that the laser can get into every 
small cavity in the cam. A thin layer of paint is applied on the spiral cam in 
order to reduce the risk of having the laser reflecting on shiny surfaces. If 
this happens, the software will collect incorrect data that need to be 
manually removed.  

The software collects the images from the scanning process (one from each 
angle of the rotating plate). These images are later merged and converted 
into ‘point clouds’ which are many data points that defines the spiral cams 
surface. Points that does not belong in the point cloud are removed. Fig. 17 
demonstrates how the point cloud looks directly after merging and Fig. 18 
shows how it looks when it is clear from irrelevant and dislocated points. 
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Fig. 17: Picture of a point cloud that has not yet been cleaned from irrelevant or 
dislocated points. 

 

Fig. 18: Picture of a point cloud that has been cleaned from irrelevant and dislocated 
points. 

Point clouds of the cams are converted into a mesh, which binds together the 
points into a surface of the spiral cams. The mesh needs tidying up directly 
after its been executed due to uneven surface (so called ‘spikes’) and holes 
in the surface. This is done manually with tools in the software. Fig. 19 
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shows how the mesh looks before and Fig. 20 shows how it looks after its 
been ‘cleaned’. 

 

Fig. 19: Picture of a meshed surface with hidden lines and nodes that is not yet cleaned 
from spikes and holes.  

 

Fig. 20: Picture of a meshed surface with hidden lines and nodes that is cleaned from 
spikes and holes. 
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These steps are done on all four parts, top and bottom part of spiral cam 
No.1 and top and bottom part of spiral cam No.2. Fig. 21 demonstrates 
which part is top and bottom. This is done to be able to finally compare the 
different meshes of the spiral cams to the reference model (3D CAD model 
from company) and with each other. By doing so, identification of 
differences of the parts design can be found.   

5.2.1.2 Comparison 

The comparison of spiral cam No.1, No.2 and CAD model is done first by 
setting one of the models to reference and one to test object. Both models 
are matched together, and a colour map occurs with blue or red colour on the 
areas where the test object has less or more material than the reference. The 
areas that has similar amount of material is seen as green coloured areas. 
The colours are based on the colour scale in the pictures that have its 
maximum and minimum values at +1mm and -1mm in material differences. 

CAD model v No.1 

The first comparison of the spiral cam is done first by setting the CAD 
model as the reference model in the software, No.1 is then set as the model 
that is going to be compared with the reference model. Fig. 21 shows the 
comparison of the top part. This shows blue colouring at some places. This 
indicates that it is less material on No.1 than the CAD model. Pictures in 
Appendix 3 shows other angles of the top part where more blue areas can be 
located. These areas are considered while making design improvements 
because these are areas that are proven to be acceptable to material 
reduction.   

 

Fig. 21: Picture of 3D comparison of top part with CAD model as reference and No.1 as 
test object. Colour scale unit is in [mm].  
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Fig. 22 demonstrates a picture which shows how the two models differ in a 
section view. 

 

Fig. 22: Picture of section view comparison of top part with CAD model as reference 
and No.1 as test object. Colour scale unit is in [mm]. 

The second comparison is done with the bottom part of the spiral cam. A 
picture of it is seen in Fig. 23. CAD model is set as the reference and No.1 is 
set as the test object. This part also has blue colouring in many areas. Dark 
blue colouring can be seen on top of the ejection points. These ejection 
points do not exist on No.1 although it exists on the CAD model. A deeper 
blue and some yellow colour also occurs. This is due to a slight deformation 
of the bottom part of No.1 when disassembling it from the riveted top part. 
Appendix 3 shows different projection views of the part where more areas of 
interest can be located. 

 

Fig. 23: Picture of 3D comparison of bottom part with CAD model as reference and 
No.1 as test object. Colour scale unit is in [mm]. 
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Fig. 24 demonstrates a picture which shows how the two models differ in a 
section view. 

 

Fig. 24: Picture of section view comparison of bottom part with CAD model as 
reference and No.1 as test object. Colour scale unit is in [mm]. 

CAD model v No.2 

Spiral cam No.2 is also compared with the CAD model. By setting CAD 
model as reference and No.2 as test object, the next scan can be executed. 
The scan of the top part is seen in Fig. 25. This scan is overall green 
coloured and is therefore similar to the CAD model. Appendix 3 shows 
more views of the scan where interesting areas can be seen.  

 

Fig. 25: Picture of 3D comparison of top part with CAD model as reference and No.2 as 
test object. Colour scale unit is in [mm]. 
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Fig. 26 demonstrates a picture which shows how the two models differ in a 
section view. 

 

Fig. 26: Picture of section view comparison of top part with CAD model as reference 
and No.2 as test object. Colour scale unit is in [mm]. 

The comparison of bottom part is seen in Fig. 27 and this also indicates that 
it is similar to the CAD model with a lot of green colour. Some red and 
yellow colour occurs in the groves which says that No.2 has more material 
than the CAD model in those areas. More pictures of different views can be 
seen in Appendix 3. 

 

Fig. 27: Picture of 3D comparison of bottom part with CAD model as reference and 
No.2 as test object. Colour scale unit is in [mm]. 

Fig. 28 demonstrates a picture which shows how the two models differ in a 
section view. 
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Fig. 28: Picture of section view comparison of bottom part with CAD model as 
reference and No.2 as test object. Colour scale unit is in [mm]. 

No.1 v No.2 

The two last comparisons are done by comparing setting the two scanned 
spiral cams towards each other. No.1 is set as reference and No.2 is set as 
the test object. This means that the comparisons will turn out more yellow 
because there is more material on No.2 that is set to test than No.1 that is set 
as reference. This is seen in Fig. 29 where the top part is compared. The blue 
and red area are areas where deformations occurred when disassembling the 
top and bottom part from the riveted joint. Appendix 3 shows more pictures 
of the comparison. 

 

Fig. 29: Picture of 3D comparison of top part with No.1 as reference and No.2 as test 
object. Colour scale unit is in [mm]. 
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Fig. 30 demonstrates a picture which shows how the two models differ in a 
section view. 

 

Fig. 30: Picture of section view comparison of top part with No.1 as reference and No.2 
as test object. Colour scale unit is in [mm]. 

Bottom part is seen in Fig. 31 and shows both blue and red colour. This is 
due to the small deformation that occurred when disassembling the riveted 
joint. The grey areas are where the ejection point is located on No.2. 
Because these points do not exist on No.1, no information can be projected 
on these areas when No.1 is set to reference. The interesting areas are the 
yellow ones, which indicates more material use. Appendix 3 shows more 
pictures of different angles.  

 

Fig. 31: Picture of 3D comparison of bottom part with No.1 as reference and No.2 as 
test object. Colour scale unit is in [mm]. 



 

36 
Johansson & Sjöqvist 

 

Fig. 32 demonstrates a picture which shows how the two models differ in a 
section view. 

 

Fig. 32: Picture of section view comparison of bottom part with No.1 as reference and 
No.2 as test object. Colour scale unit is in [mm]. 

5.2.2 FEM & Design Improvements 

The process of the FEM-analysis and design improvements can be found 
below. The chapter has been divided into the process and how the analysis 
was done, and by the result from each iterative step. The final design can be 
found in 6. Results and Analysis.  

5.2.2.1 FEM process 

The process is described below in the work order used. This can be different 
from software to software but is similar with some variation. The software 
used for the simulations in this study was SolidWorks and LS-Dyna. 

CAD & Simplification 

The first step of the FEM-analysis is to have a 3D-model of the object. The 
model could need to be simplified to improve on the calculation quality and 
decrease run-time. The simplification of our case can be seen in Fig. 33. The 
reduction of fillets, chamfers and irrelevant features such indication arrow 
lowers the number of elements needed for the simulation. By lowering the 
number of elements, the number of equations needed for the solution is 
directly reduced, lessening the run-time.  
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Fig. 33: Comparison of original 3D-model and the simplified version. 

Mesh 

Generating the mesh for the object is done automatically by the software. It 
is possible to change some parameters such as mesh density and element 
form. The element form used in this study was tetrahedron, as seen in Fig. 
34. For the later iterations, a finer mesh was used in the contact areas for a 
more accurate result, while keeping larger elements in areas that aren’t as 
affected by stresses.  

 

Fig. 34: Example of how meshing the bottom part could appear.  

 

Material 

For the simulation performed in this study, a specific zinc alloy based on 
current requirements were used. 
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The material model for this study is non-linear, mainly to improve on 
accuracy.  

Loads and displacement 

To exert a force on specific faces in this study, a prescribed displacement of 
a face was used. By choosing a face and making it move a small distance 
makes for a much more stable simulation. This is because the other degrees 
of freedom are locked which lessens the calculation intensity and help avoid 
unexpected errors. Choosing a prescribed displacement often yields higher 
force than needed but gives the possibility to check for stresses both before 
and after the sought force value. 

Boundary conditions 

A combination of the three conditions were used in this study, no 
penetration, allow penetration and bonded, as they are necessary to create 
reliable simulations. One could argue that the no penetration connection set 
is all that is needed (as that is how the reality works), yet to reduce 
calculation time and such bonded sets can prove useful.  

5.2.2.2 Analysis and Improvements 

The FEM-analysis was iterated multiple times for each of the design 
changes. Each of the analysis and design improvement loop can be found 
below.  

Iteration no. 1 

The design for the first iteration is the original design with some fillets and 
chamfers removed to improve on the analysis run-time. The model had to be 
fully remodelled instead of using the current files used to produce the tool 
for manufacturing. This could lead to some minor differences, but with the 
usage of drawings and previous models a highly satisfactory model was 
created. Fig. 35 depicts the original design tested for stresses using the fem-
analysis.  
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Fig. 35: 3D-model of the original design with reduced features, used for the first 
analysis.  

The analysis of this iteration depicts when and where the spiral cam will fail. 
It is important to note that these values are under ‘lab conditions’ and does 
not translate into the regular use of the product. The dowel is locked in five 
out of six degrees of freedom, making for a stable simulation but also less 
realistic, though this is often the case in similar lab experiments. Fig. 36 
shows the point of which the largest strain appears in the bottom part of the 
spiral cam before failure. A similar spread occurs in the top part.  

 

Fig. 36: Strain that occur in the contact area between the bottom part and the dowel. 
The red indicates the highest strain. 

The stresses that build up in the spiral cam is shown in Fig. 37. These 
stresses are as the material fails and the yield strength is exceeded. Worth 
noting in the stress figure is that there is a higher stress concentration in the 
bottom (left) part. This is because the bottom part has hollowed spirals, 
something the top (right) part does not. 
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Fig. 37: Stresses that occurs in the spiral cam from the contact with the dowel. Values 
are in MPa. 

The simulation was successful in summary. Fig. 38 shows a graph of the 
force overtime and where a potential failure could occur. This failure 
happens around 5,5kN. It is worth noting that there has been no fatigue or 
creep taken into consideration at this stage.  

 

Fig. 38: A graph of the force over time. Possible failure at 5,5kN. 
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Iteration no. 2 

For the second iteration a change of design has been made. The wall 
thickness has been reduced further, depending on the wall. The hollowness 
in the spiral of the bottom part has been copied over to the top parts spiral. A 
final alteration with an added draft of the top part has added.  

  

Fig. 39: Iteration no. 2 with the design changes indicated by arrows.  

The simulation of the second iteration yielded positive results as well. Fig. 
40 indicates how the deformation of the spiral cam would follow, and the 
possible force absorption in the top and bottom part. The bottom part is to be 
able to absorb a higher force. This is due to the fact that the bottom part can 
rest against the floor of the testing rig while the top glides out of the slot, 
seen to the far left in Fig. 40. The red areas indicate where the largest 
deformation appears. 

 

Fig. 40: Strain that appear in the spiral cam. The diagram indicates that the strength of 
the bottom part is higher than the top part.  
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The stresses that occur in the fittings can be found in Fig. 41. The time of 
plastic deformation is 3,0, where the highest stresses are found in the lower 
spiral. This breakage occurs just below 4,5kN.  

A possible solution to the risk of the lower area of the spiral breaking 
prematurely could be to strengthen the design around this area, perhaps 
adding a rib or adding material to crucial parts.  

Worth noting is that the models used for the simulations did not have fillets 
for its edges, something that could improve on the strength of both the 
dowel and spiral strength.  

 

Fig. 41: Stresses that occur in the spiral cam and dowel. The time of the picture is 3,0, 
resulting in just below 4,5kN. Values are in MPa 

A torque simulation was carried out to test the spiral cam for torsional 
weakness. The torque is applied in the keyhole with an allen key and was 
carried out with the key’s minimum dimensions and the hole’s largest 
dimensions to simulate the largest possible gap. Fig. 42 highlight two states 
of the simulation, the left one with a torque of 11Nm and the right 15Nm. 
The keyhole has started to deform at 15Nm and is intact at 11Nm. A 
deduction from this could be that smaller dents and marks could occur 
around 12Nm, but no major failures or cracks. Further investigation is still 
advised. The red areas in the pictures contain the highest stresses, which 
appear in the contact between key and keyhole walls.  
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Fig. 42: Torque simulation performed to test the keyhole used for assembling the fitting. 
The left picture indicates a torque of 11Nm, and the right indicates a torque of 15Nm. 
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6. Results and analysis 
This chapter contains the result from the study and an analysis of the 
achieved results.  

This chapter provides a result from the study of the different zinc alloys and 
a result from the design improvements that are done to the spiral cam in 
order to reduce weight. A result from calculations of environmental savings 
are also made based on the weight reduction. This chapter is therefore 
divided into zinc alloy selection, design optimization and environmental 
savings. 

6.1 Zinc alloy selection 

The material that are recommended for the spiral cam is ZA-8 due to its low 
material price, low density and the very good mechanical properties.  

 

Fig. 43: Ratings of alloy ZA-8. 

ZA-8 is more aggressive than Alloy 5 in terms of cavity wear, but because 
the density is lower by 0,3 𝑔𝑔/𝑐𝑐𝑚𝑚2 the long-term costs decrease with ZA-8.  
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6.2 Design 

The new design of the spiral cam is presented in Fig. 44. This design 
generates a significant weight reduction without impairing the desired 
strength in the product.  

 

Fig. 44: The improved design that lowers the weight. 

Design changes that have been made to the spiral cam is presented in Table 
6.1.  

Table 6.1: All the changes made to the spiral cam, listed with a description and a 
picture to illustrate the change clearly.  

Reduced the 
thickness of the floor 
by 0.2 mm on top 
and bottom part. 

 

Reduced the 
thickness of the 
outer wall by 0.2 on 
top and bottom part. 
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Reduced the 
thickness of the ribs 
by 0.1 mm on top 
and bottom part. 

 

Reduced the 
thickness of the 
centre wall by 0,15 
mm on top part. 

 

Reduced the 
thickness of the 
centre wall by 0.4 
mm on bottom part. 

 

Reduced the height 
of the centre wall by 
2 mm with drafted 
‘ribs’ on top part. 
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Hollowed out the 
floor into the spiral 
on the top part, 
making the thickness 
more even 
throughout the floor. 

 

Changed the design 
of the arrow and 
lowered it into the 
floor instead of 
extruding it. 
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7. Discussion and Conclusion 
In this chapter, the result is discussed and viewed upon from several angles. 
Suggestions for further study is brought up and finally a conclusion for the 
report with some final words.  

The way the work was executed was successful. The early plans were 
followed, and the desired result has been achieved through the prepared 
research design that the studies followed. Even though the outcome was 
positive, further work can be done. Discussions about this are divided into 
three topics, the zinc alloy selection, the design and environmental savings.  

7.1 Zinc alloy selection 

The overall impression of the choice of zinc alloy is positive, the great 
strength, combined with lower density and price are great points to make for 
the ZA-8. The zinc alloy study was early backed with reliable sources of 
material data from material standards, handbooks and multiple industries 
data.  

Although the resources used are reliable, a deeper study of the zinc alloys, 
mainly focused on ZA-8. More general information about the zinc alloys 
properties and behaviours that can occur over time could have be useful. A 
material study can be done very detailed but, in this case, it had to be limited 
due to the focus of this study was to make a design optimization.  

Something that needs to be further examined is investment calculations that 
are only based on the information that this study has gathered. Other aspects 
in the production that can differ in cost other than tool cost, such as energy 
consumption and machine wear, have not been considered in the 
calculations. The overall economic information could be more detailed, and 
with higher reliability.  

By contacting multiple companies that work with zinc alloys early, a better 
view of the price could have been made, that perhaps would have changed 
the outcome of the study.  

A final point to mention is that the price fluctuates greatly over time, and 
this needs to be taken into consideration when deciding on material choices 
overall.  
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7.2 Design 

The design improvements where based on the 3D-scanning and FEM 
analysis. The 3D-scanning phase exceeded the expectations with successful 
comparisons that demonstrated the difference in material use clearly. The 
idea from the beginning was to convert the 3D-scans into cad-files but was 
abandoned early because of restrictions in the feature and inability to alter 
the model after transferring.  

At the same time as the 3D scanning was successful the FEM analysis was 
more demanding and time consuming. It took more time than planned due to 
difficulties in the boundary conditions between the different 3D parts in the 
analysis. These difficulties lead to some failed or unreliable simulations that 
could not contribute to the desired result. Personal at the company with 
expertise within simulation driven engineering performed further FEM 
analysis in a software that they use daily. This was done to make sure that 
the final result could be reliable and achieve the same standards as the 
company work with.    

Further studies within the FEM analysis could be useful to make the results 
as realistic as possible. Such as simulations of fatigue, creep or shear forces 
are tests that could be interesting. Along with further tests within FEM, it 
could be good to perform tests with a physical model on the new design. 
This to ensure that it will hold in real situations with realistic forces in the 
test jig and when it is mounted to a frame or furniture.   

The original 3D models that was attained were imported into the software 
SolidWorks and had an incomplete feature tree. This resulted in that new 
models had to be made due to that the original 3D models could not be 
modified in a proper way.  

Difficulties in the FEM phase and time spent on making new models of the 
original design were not planned. This led to that the number of iterations of 
design improvements had to be limited. More iterations of design 
improvements could have resulted in a better final design. 

been taken into consideration when performing the calculations. If this 
would be calculated even more savings are found and a full life cycle 
assessment from start to end could be made. This is something that the 
company can investigate in the future due to that the assessment in this study 
does not cover the end phase of the products life cycle, such as usage and 
recycling.  
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7.3 Conclusion 

The study’s goal was to reduce the spiral cams weight without affecting its 
strength, form, fit or function. This was achieved by doing design changes 
on the original design of the cam. Changes were based on a literature study, 
FEM analysis and comparisons of 3D-scanned products. This resulted in an 
updated design with a significant reduction of material use.  

The zinc alloy study provided with a recommendation of the ZA-8 alloy. It 
is an alloy with a good combination of great strength, low density and price. 
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Appendix 1: Material data tables 
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Appendix 1 – Material data tables 

Table 9.1: Alloy composition of the zinc alloys. Weight percentage, with the remaining in zinc [15]. 

Alloy Alloying Contaminations (max. value) 
Total price1 

[19] 

 Al Mg Cu Ni Fe Pb Cd Sn [SEK/kg] 

Alloy 3 3,7-4,3 0,02-0,06 0,10 - 0,05 0,0050 0,0040 0,002 31 

Alloy 7 3,7-4,3 0,005-0,020 0,10 0,005-0,020 0,05 0,0030 0,0020 0,0010 33 

Alloy 5 3,7-4,3 0,02-0,06 0,7-1,2 - 0,05 0,0050 0,0040 0,002 30 

Alloy 2 3,7-4,3 0,02-0,05 2,6-3,3 - 0,05 0,0050 0,0040 0,002 32 

ZA-8 8,0-8,8 0,01-0,03 0,8-1,3 - 0,075 0,006 0,006 0,003 30,5 

ZA-12 10,5-11,5 0,01-0,03 0,5-1,2 - 0,075 0,006 0,006 0,003 33 

ZA-27 25,0-28,0 0,01-0,020 2,0-2,5 - 0,075 0,006 0,006 0,003 32 
¹ Material price is based on commodity prices for the time that this study is written.   These values can therefore differ in respect to time. 
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Table 9.2: Mechanical Properties of the zinc alloys [15]. 

Alloy 

Ultimate 
tensile 

strength 

Tensile 
yield 

strength 

Compressive 
yield 

strength Elongation 
Shear 

strength 
Hardness 

Brinell 
Impact 

strength 

Fatigue 
strength 

(Fully 
Reversed) 

Young’s 
Modulus 

Torsional 
Modulus 

Alloy 3 283 MPa 221 MPa 414 MPa 10 % in 
51mm 

214 
MPa 82 58 J 47,6 MPa 

≥85,5 
MPa ⋅

103 
33,1 

Alloy 7 283 MPa 221 MPa 414 MPa 13 % in 
51mm 

214 
MPa 80 58 J 46,9 MPa 

≥85,5 
MPa ⋅

103 
33,1 

Alloy 5 328 MPa 228 MPa 600 MPa 7 % in 
51mm 

262 
MPa 91 65 J 56,5 MPa 

≥85,5 
MPa ⋅

103 
33,1 

Alloy 2 359 MPa - 641 MPa 7 % in 
51mm 

317 
MPa 100 47 J 58,6 MPa 

≥85,5 
MPa ⋅

103 
33,1 

ZA-8 374 MPa 290 MPa 252 MPa 6-10 % in 
51mm 

275 
MPa 103 42 J 103 MPa 

≥85,5 
MPa ⋅

103 
33,1 

ZA-12 404 MPa 320 MPa 269 MPa 4-7 % in 
51mm 

296 
MPa 100 - 117 MPa 

≥82,7 
MPa ⋅
103 

33,7 

ZA-27 425 MPa 376 MPa 385 MPa 1-3 % in 
51mm 

325 
MPa 119 12,8 145 MPa 

≥77,6 
MPa ⋅

103 
29,6 
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Table 9.3: Physical Properties of the different zinc alloys [17], [18]. 

Alloy Density Melting Point Thermal Conductivity 
Coefficient of Thermal 

Expansion Electrical Conductivity 
Alloy 3 6,6 𝑔𝑔/𝑐𝑐𝑚𝑚2 384 °𝐶𝐶 113 𝑊𝑊/𝑚𝑚 𝐾𝐾 27,4 µ𝑚𝑚/𝑚𝑚 °𝐾𝐾 27 %𝐼𝐼𝐼𝐼𝐶𝐶𝐼𝐼 

Alloy 7 6,6 𝑔𝑔/𝑐𝑐𝑚𝑚2 384 °𝐶𝐶 113 𝑊𝑊/𝑚𝑚 𝐾𝐾 27,4 µ𝑚𝑚/𝑚𝑚 °𝐾𝐾 27 %𝐼𝐼𝐼𝐼𝐶𝐶𝐼𝐼 

Alloy 5 6,6 𝑔𝑔/𝑐𝑐𝑚𝑚2 384 °𝐶𝐶 109 𝑊𝑊/𝑚𝑚 𝐾𝐾 27,4 µ𝑚𝑚/𝑚𝑚 °𝐾𝐾 26 %𝐼𝐼𝐼𝐼𝐶𝐶𝐼𝐼 

Alloy 2 6,6 𝑔𝑔/𝑐𝑐𝑚𝑚2 385 °𝐶𝐶 105 𝑊𝑊/𝑚𝑚 𝐾𝐾 27,8 µ𝑚𝑚/𝑚𝑚 °𝐾𝐾 25 %𝐼𝐼𝐼𝐼𝐶𝐶𝐼𝐼 

ZA-8 6,3 𝑔𝑔/𝑐𝑐𝑚𝑚2 390 °𝐶𝐶 115 𝑊𝑊/𝑚𝑚 𝐾𝐾 23,3 µ𝑚𝑚/𝑚𝑚 °𝐾𝐾 27,7 %𝐼𝐼𝐼𝐼𝐶𝐶𝐼𝐼 

ZA-12 6,0 𝑔𝑔/𝑐𝑐𝑚𝑚2 400 °𝐶𝐶 116 𝑊𝑊/𝑚𝑚 𝐾𝐾 27,4 µ𝑚𝑚/𝑚𝑚 °𝐾𝐾 28,3 %𝐼𝐼𝐼𝐼𝐶𝐶𝐼𝐼 

ZA-27 5,0 𝑔𝑔/𝑐𝑐𝑚𝑚2 431 °𝐶𝐶 123 𝑊𝑊/𝑚𝑚 𝐾𝐾 26 µ𝑚𝑚/𝑚𝑚 °𝐾𝐾 29,7 %𝐼𝐼𝐼𝐼𝐶𝐶𝐼𝐼 
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Appendix 2 – Comparison of zinc alloys. 
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Appendix 3 – Images from 3D scanning comparison 

3D Model & Model no.1 – Bottom part 
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3D Model & Model no.1 – Top part 
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3D Model & Model no.2 – Bottom part 
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3D Model & Model no.2 – Top part 
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Model no.1 & Model no.2 – Bottom part 
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Model no.1 & Model no.2 – Top part 
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