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Sammanfattning 
Radior är en viktig del av mobiltelefoninätverket. De är kopplade till antenner som trådlöst 

skickar och tar emot radiovågor. Kraven på inkapslingen av telekommunikationsutrustning ökar 

kontinuerligt. Ett sätt att minska vikt, storlek, monteringstid och förbättra utseendet av radior kan 

vara att ersätta skruvar med andra fästprinciper. Detta är något som ska undersökas i detta 

examensarbete på en radio från Ericsson.  

I denna rapport presenteras en undersökning av existerande principer och teknologier för 

förband. Det existerande förbandet studeras och krafter som verkar på förbandet identifieras. 

Flera koncept för att sätta ihop ytterinkapslingens halvor på en radio utan att använda skruvar 

presenteras också. Ett av dessa koncept vidareutvecklas sedan efter en konceptutvärdering. 

Konceptet som vidareutvecklas använder sig av en snäppfästesprincip. Grundläggande Finita 

Element-analyser görs följt av tillverkning av fysiska prototyper för att testa konceptet. Förslag 

och idéer på omkonstruktioner förbandets intilliggande geometri undersöks och presenteras.  

Snäppsprintarna har potential att fungera som ett alternativ till skruvar. Den första iterationen av 

fysiska prototyper och tester som gjorts visar monteringskrafter och lastbärande kapaciteten av 

prototyperna. Förbättringar av konstruktionen och vidareutveckling av analysen behövs för att 

dra vidare slutsatser. Ett flertal kunskapsgap har som behöver undersökas har identifierats.  

 

Nyckelord: inkapsling, radio, skruvlös, snäppen  

 

 



 4 

  



 5 

 

 
 

 Master of Science Thesis TRITA-ITM-EX 2019:242 

 

Design of a screwless radio enclosure 

   
  Oskar Lundkvist 

 

Approved 

2019-06-05 

Examiner 

Ulf Sellgren 

Supervisor 

Ulf Sellgren 

 Commissioner 

Ericsson AB 

Contact person 

Johannes Lind 

Abstract 
Radios are a crucial part of the mobile phone network. They are connected to the antenna which 

wirelessly send and receive radio waves. The requirements on telecommunication enclosures are 

increasing continuously. One way of improving weight, size, assembly time and appearance of 

radios could be to replace screws with other fastening principles. This is investigated in this 

thesis project on an Ericsson radio.    

In this report a state-of-the-art study of existing joint principles and technologies is presented. 

The joint between the exterior halves is studied and forces acting on the existing joint are 

identified. Several concepts for joining the exterior enclosure halves of a radio without using 

screws are also presented. One of these concepts is then further developed after an evaluation. 

The concept that is further developed is based on the snap-fit joint principle. Basic Finite 

Element analyses are made followed by manufacturing of physical prototypes to test the concept. 

Suggestions and ideas of redesigns of the geometry surrounding the joint are also proposed and 

investigated.  

The snap-fit sprints have the potential to work as an alternative to screws on the joint. The tests 

conducted show the load carrying capacity and insertion forces of the first iteration of physical 

prototypes. Improvements to the snap design needs to be made and further analysis and tests are 

needed to draw any further conclusions. Several knowledge gaps that needs to be investigated 

has been identified.  
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NOMENCLATURE 

Notations 

Symbol Description 

𝜎𝑦
2/ 𝜎𝑥

2 Variance (𝑚2) 

W Insertion force (N) 

P Bending force (N) 

µ Coefficient of friction (1) 

α Angle (°) 

E Young´s modulus (GPa) 

p Pressure (Pa) 

𝛿 Diametrical interference (m) 

D/d Diameter (m) 

𝜈 Poisson’s ratio (1) 

F Force/Friction force (N) 

L Length (m) 

r Radius (m) 

𝜎𝑡/𝜎𝑟 Radial/tangential stress (MPa) 

𝜎𝑒 Von Mises equivalent stress (MPa) 

𝐹𝑑 Wind load (N) 

𝜌 Density (kg/𝑚3) 

v Velocity (m/s) 

𝐶𝑤 Drag coefficient (1) 

A Area (𝑚2) 

∆𝑑 Diametrical difference (m) 

α Coefficient of linear thermal expansion (𝐾−1)  

t Temperature (℃) 

Abbreviations 

CAD Computer Aided Design 

FEA Finite Element Analysis 

PIM Passive Intermodulation 

WBS Work Breakdown Structure 

DC Direct Current 
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PCB Printed Circuit Board 

IP Ingress Protection 

EMC Electromagnetic Compatibility 

EMI Electromagnetic Interference 

RSS Root Sum Squared 

MS-polymer Silane Modified polymer 

DFMA Design for Manufacture and Assembly 

DFA Design for Assembly 

DFM Design for Manufacture 

ISO International Organization for Standardization 

PC Polycarbonate 

PEI Polyetherimide 
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1  INTRODUCTION 

This section of the report briefly describes the background of the thesis project. It also describes 

the deliverables and delimitations made as well as the method used in the project. 

1.1 Background 

The penetration of smartphones in the world continuously increases. At the end of 2018 the 

estimation of smartphone subscriptions in the world was 5 billion. This number is estimated to 

reach over 7 billion by the year of 2024. At the end of 2018 mobile networks cover 95% of the 

population in the world and that number continues to grow [1].  

Radios are a crucial part of the mobile phone network. They are connected to the antennas which 

wirelessly send and receive radio waves. The radios are installed in cabinets, close to the 

antennas or integrated into them. Typically, operators start by constructing a macro layer when 

setting up radio access networks. The macro layer consists of radios with high-output power that 

can work with different frequency bands and is used to achieve the largest possible coverage 

area. The macro layer mainly consists of masts and rooftop sites where the radios are mounted 

on rails, walls or poles.  

Ericsson is a large company that develops, mass produces and sells network communication 

products such as radios. The requirements on weight, size and assembly time of 

telecommunication enclosures are increasing continuously. Traditionally screw fasteners are the 

concept used in different parts of this kind of equipment. One way of improving assembly time, 

size, weight and appearance on the products could be to replace screws with other fastening 

principles and this is investigated in this thesis project.    

1.2 Purpose 

The purpose of this thesis project is to study a well-known reference product in the Ericsson 

telecommunication equipment range called Radio 2219, shown in figure 1 below. The purpose is 

also to identify and study existing screw joints and their functions on the product.  

Figure 1. Radio 2219 [2]. 

After that, an assessment is made of where it is smart to eliminate the screws with respect to 

assembly time, size, weight as well as appearance aspects. A state-of-the-art study is made on 

different fastening principles. Concepts to replace the traditional screw fasteners with other 

means of fastening are then evaluated.   
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1.3 Deliverables and Research Questions 

The project aims at investigating different fastening principles and delivering several concepts 

on how this can be implemented in the reference product. The deliverables of the project are 

listed below.   

 

 Report of identification of the screw joints in the reference product and the purpose with 

them.  

 Several concept proposals on different alternative fastening methods as well as one 

further developed concept proposal.  

 CAD parts and assembly models of generated concepts as well as models of 

modifications made to the existing system that needs to be made for the generated 

concepts.  

 Dimensions motivated by solid mechanics and FEA. 

 

A couple of research questions identified for the project are listed below.   

 

 What is the state of the art of different fastening principles?  

 Which fastening concept is preferable in the reference product?  

 What knowledge gaps are there when it comes to implementing an alternative fastening 

principle to screws in the reference product?  

1.4 Delimitations 

A couple of delimitations are made to reduce the scope of the project so that it matches with the 

time and resources available. The delimitations of the project are listed below.  

 

 The thesis project is carried out in a limited time of 20 weeks.  

 Concepts for eliminating screws are only generated for one screw-joint and only the 

reference product is studied.   

 No manufacturing drawings and complete detailed design are made.  

 No economical estimations are made.  

 The effects of passive intermodulation (PIM) generated by the concepts is not studied.  

 No corrosion or lifetime tests are performed but material selection and concept designs 

are made with these aspects in mind.  

 Rivets are not investigated in this thesis project. 

1.5 Method 

To break down the project, identify the deliverables and get an overview of the work that needs 

to be done a Work Breakdown Structure (WBS) is created. The WBS is shown in figure 2. The 

project consists of 3-phases, the first phase is the planning phase, followed by the concept 

generation and concept development phases. During these three phases continuous 

documentation is done. 



 15 

Figure 2. Work Breakdown Structure of the project. 

The WBS is used during the project as a reminder of what needs to be done and to give an 

overview of the project. Based on the WBS a Gantt chart is created to allocate the activities 

listed in the WBS to time. The Gantt chart is shown in appendix A and it shows the project 

broken down into weeks with the tasks in blue and different gates with deliverables in green.  

Firstly, the different screw joints in the product as well as their functions are identified. After 

that an investigation of where it is smart to eliminate the screws and a state-of-the-art study are 

made. Concepts for accomplishing the function of the screw joint with alternative methods are 

then generated and evaluated. One of the concepts is then chosen by the author and the industrial 

supervisor to be further investigated and developed using solid mechanics, CAD-models and 

FEA. The results are documented in a technical report, presented at the employer at an internal 

presentation as well as presented at a public presentation.  

 

A risk analysis of the project is made by brainstorming the possible risks and assessing how 

likely they are to occur as well as the consequences they have. Appendix B shows the risks and 

actions planned for them. A risk matrix is also made to visualize the risk likelihood and 

consequences. The risk matrix is also shown in appendix B.   
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2 FRAME OF REFERENCE 

In this chapter the theoretical background and the information needed to support the concepts 

are presented.  

2.1 Geometry and Requirements 

In the following chapter the reference product geometry is presented, information is obtained 

through interviews or internal documents at Ericsson.  

The reference product is an outdoor macro radio which is a part of the Ericsson Radio System 

portfolio, figure 3 below shows the front side of the radio to the left and the rear side to the right. 

It is mounted vertically on site to poles, walls or rails with bolts in the back of the radio or on the 

side which can be seen in the image to the right.  

Figure 3. Front side and back side of the radio. 

The weight of the product is 17 kg and it has a volume of 17 liters. It is grounded with two lugs 

that are bolted on to the heatsink. The product has a -48 volts DC (Direct Current) power cable 

and several different communication cables. Figure 4 shows an exploded overview of the 

product and its components. Some of the components have been blurred due to confidentiality. 
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Figure 4. Exploded overview of the product. 

The heatsink and filter enclosure halves are made of a die cast aluminium alloy. Table 1 below 

shows typical data of the material. [3] 

Table 1. Typical die cast aluminium material data.  

The heatsink has large fins on the back side that are used to lead away heat generated by the 

main PCB (Printed Circuit Board). The filter itself is bolted into the filter enclosure half and the 

bolts used for that are out of scope for this thesis project. The product has two ventilation plugs 

that make sure there is no internal underpressure in the product due to temperature changes.  

2.1.1 Reference Product Screw Joints 

There are several bolt joints on the products with different functions, figure 5 and 6 shows the 

bolt joints in two exploded views. Some components have been blurred in the figures due to 

confidentiality. 
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Figure 5. Exploded view of the product screw joints. 

 

Figure 6. Exploded view of the product screw joints. 
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The ground screws are not be replaced and are out of scope for this project. The handle screws 

are also out of scope for this project since they are assembled by suppliers and there already exist 

other solutions for this joint within the Ericsson product portfolio.   

There are several types of screws in the product. The exterior screws are made of stainless steel 

and the ones located inside the enclosure are made of mild steel. Having screws that are not 

stainless where it is possible eases the handling in the assembly since they are magnetic. The 

screws are assembled in specific orders and in some joints some or all the screws need to be 

retightened. Table 2 below shows a summary of the screw joints that are within the scope of this 

project.  

 
Table 2. Summary of screw joints in the reference product. 

The M4 bolts used on the reference product are all tightened with the same torque, they have an 

average pretension force of 3,4 kN and an average pretension dispersion 23%. The M3 bolts are 

also all tightened to a specified torque.  

2.1.2 Screw Joint Functions 

The function of the screw joint on the front is simply to mount it and hold it in place. The front 

acts as a foot for the product when it is handled and when it is mounted it acts as a cover for the 

connectors. So, the joint only carries the weight of the front when mounted. The front is made in 

polycarbonate and is mounted to the heatsink which is made in die cast aluminium. The screws 

are horizontally tightened in the assembly lines.  

The exterior case screw joint holds the filter cover in place, it compresses an Ingress Protection 

(IP) gasket and six Electromagnetic Compatibility (EMC) gaskets. The two exterior case halves 

are made of the same die cast aluminium. All the bolts are retightened which has proven to be a 

quality risk in assembly due to operator carelessness. The bolts are retightened due to the settling 

in of the gaskets. The screws also work as clearly defined electrical conductors in case of 

lightning strikes. The screws are tightened vertically from above in the assembly lines. 

The PCB-cover screw joint compresses a dispensed EMC-gasket and pushes down the PCB-

cover onto the PCB which is pushed against the heatsink to achieve proper thermal conductivity. 

The first 7 screws are retightened after all 27 have been tightened once. The PCB-cover acts as a 

physical shield between the components from each other and the rest of the product with respect 

to EMC. These screws are also tightened vertically from above in the assembly lines. 

The PCB screws simply provide an extra pushing pressure down into the heatsink where the 

warmest components are located to achieve high thermal conductivity. They are located over and 

around the copper insert in the heatsink. All of them are retightened. These screws are tightened 

vertically from above in the assembly lines. 

The power PCB screw joint function is to hold the power PCB in place. No pressure against the 

heatsink is required to lead away heat from this PCB. These screws are tightened vertically from 

above in assembly. 
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The cable connector screw joint holds all connectors in place against the front of the heatsink. 

They all axially compress IP-gaskets that are mounted on the back side of the connectors. The 

cable connectors are subjected to forces upon installation and are made of metal. There is also a 

Man-Machine Interface mounted which is made of polycarbonate. These screws are tightened 

horizontally in the assembly lines. 

2.1.3 Requirements 

The requirements on the reference product are listed below.  

 No water intrusion allowed when sprayed with water according to IP65 standard.  

 The product shall handle random vibrations according to Ericsson testing methods in x, y 

and z-direction. 

 No physical damage when dropped from a specified height onto concrete or from an 

impact of an object dropped on the product according to Ericsson testing methods.  

 No visible corrosion after several years out on site.  

 It shall work in an ambient temperature of -40℃ to 55℃ and an internal temperature 

according to specification. 

 It should be possible to disassemble the product in case service is needed.  

 The product should have a non-intrusive design.  

 The product shall withstand wind forces according to specification.  

2.2 IP-code and Sealing  

For electronic products in demanding environments there are tough requirements on the 

enclosures to avoid intrusion of dust, liquids and corrosives to avoid the risk of electroshocks, 

fires and explosions. Ingress Protection Marking (IP-code) is an international standard used to 

classify electrical enclosures. The reference product studied in this project needs to fulfill the 

requirements of the IP-code IP65.  

The first number in the IP-code classifies the protection against solid objects. Number six means 

that the enclosure does not allow any intrusion of dust. This is tested physically in a dust 

chamber with fine talc powder circulated in a period of 2-8 hours with a specified pressure.  

The second number in the IP-code classifies the protection against liquids. Number five means 

that a limited ingress is allowed when the enclosure is subjected to a low-pressure jet of water. 

The water jet is defined as a hose with a diameter of 6,3 mm spraying with a rate 12,5 

liters/minute at a minimum time of 3 minutes with 2,5-3 meters distance to the enclosure. The 

allowed liquid intrusion is defined as not enough or at such a place on the product that it 

influences the operation or safety of the product [4].  

To meet these requirements the reference product has an IP-gasket between the top and bottom 

halves of the enclosure. The gaskets have a recommended compression of 20-30% according to 

the supplier. The working area of the gasket is 10-50% compression and this is something that 

the joint designed in this project needs to fulfill to meet the IP-code requirements. Figure 7 

shows compression force per centimeter relative to compression of the IP-gasket used in this 

project. The data is measured and provided by the supplier of the gasket, the graph shows an 

average value of these measurements. The dotted lines show the recommended compression. For 

some joint concepts using an IP-gasket might not be needed to meet the ingress protection grade 

requirement.  
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Figure 7. IP-gasket force per centimeter relative to compression. 

2.3 EMC and Sealing  

Electromagnetic Compatibility (EMC) is an important part of electronic products. EMC is 

defined as mechanical, radio and electrical products ability to work together without having 

unwanted electrical coupling between them which might cause any malfunction. This unwanted 

electrical coupling or interference is called Electromagnetic Interference (EMI). Problems with 

the compatibility is due to electrical energy in the wrong place that is produced by rapid voltage 

and current changes. These are then spread via magnetic fields around components or the use of 

common return paths to complete the electrical circuits and can cause interference [5].  

To avoid interference, it is possible to shield components and their surrounding magnetic fields 

from each other. This is done by using physical barriers such as metal covers in combination 

with EMC-gaskets that reduces the leakage in the joint between the cover and electrical 

component.  

In short, the product studied in this project should not interfere with its surrounding and its 

function should not in return be influenced by the surrounding. To achieve this compatibility, the 

reference product has EMC-gaskets between some of its components. The gaskets have a 

recommended compression of 20-30% according to the supplier. The working range of the 

gasket is 10-50% compression and this is something that the joint designed in this project needs 

to fulfill. Figure 8 shows compression force relative to deflection of the EMC-gaskets used in the 

product, the dotted lines are the recommended compression. The data in the graph shows an 

average value of those measured by the gasket supplier.  
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Figure 8. EMC-gasket force relative to compression. 

2.4 Root Sum Squared Method 

Since the reference product is mass produced statistical tolerancing is used when determining 

forces from the gaskets when they are compressed rather than dimensioning after a worst-case 

scenario. The Root Sum Squared (RSS) method is used for statistical tolerancing that applies to 

linear systems, and says that if a stacked dimension y 

 

𝑦 = 𝑥1 + 𝑥1 + ⋯ + 𝑥𝑛     (1)  

 

where 𝑥𝑖 are the dimension in the stack and n the number of dimensions, then the variance 𝜎𝑦 of 

y is calculated as  

 

𝜎𝑦
2 = 𝜎𝑥1

2 + 𝜎𝑥2
2 + ⋯ + 𝜎𝑥𝑛

2     (2)  

 

where 𝜎𝑥𝑛
is the variance of x [6].   

 

When using this method normal distribution is assumed for dimension variations. That means 

very few variations are assumed to be close to the variation limits. Gathering measurements and 

process capability numbers are out of scope for this thesis project, hence the assumption of 

normal distribution with a capability index of 1 and the use of the RSS-method. This is a 

conservative starting assumption and measurements and process capability indexes are needed 

for a more detailed statistical analysis. 

 

With normal distributions approximately 68.2% of the values fall within one standard deviation 

of the mean value, 95.4% of them within two standard deviations and 99.7% of them within 

three standard deviations. This means that if we dimension with respect to the RSS-method 

99.7% of the products meet the requirements specified [7].  
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2.5 Snap-Fit 

Snap-fits are commonly used on enclosures, plastic snaps are the most common type and they 

are usually molded into the rest of the enclosure. There are many different designs for different 

applications. One common example of a plastic snap-fit is backpack snap buckles. There are also 

a lot of snap-fits made of sheet metal. There are a lot of different metal designs and it is a 

technology that is common within the sheet metal roofing industry for example. Snap fits are 

also common within the automotive industry to fasten body panels and their main advantage is 

assembly speed and assembly operation simplicity. The limitations to snap-fits is their sensitivity 

to tolerance stack-up of parts since they are designed to lock up geometrically without being 

subjected to tension or bending when assembled. They might also increase the complexity of the 

mold if molded directly on to the enclosure [8]. This however means that the total amount of 

parts in the assembly is reduced which is positive.  

2.5.1 Plastic Snap-Fit 

Plastic snap-fits are favorable when manufacturing volumes are high and when the mating part 

mass is low. They are not favorable when they need to handle a clamping force from a gasket. 

They are not favorable when there are other high sustained forces on the joint which might cause 

creep or when the frequency of joint assembly and disassembly is high. They should not be 

loaded when they have been assembled, which means they should be designed to fit perfectly. 

Guide pins or geometrical stops should be used to handle shear or torsional loads instead of the 

snaps being subjected to them. There are a lot of different plastic snap designs such as torsional, 

annular, cantilever and ball shaped snaps. Principle figures of the latter of the three are shown in 

figure 9 below. To the left is a cantilever snap, top right is an annular snap and bottom right is a 

ball shaped snap.     

Figure 9. Different plastic snap-fit designs [9]. 

The most common one is the cantilever snap which essentially a regular beam that is attached to 

a wall. The hooking feature varies in design, it could be made with a retention angle for 

disassembly. It could also be made with a flat or over-angled backside, so it does not release 

when loaded in tension. Figure 10 shows a couple of different cantilever snap designs.  

Figure 10. Typical plastic cantilever snap-fit designs [10]. 

To the left in figure 10 is a normal cantilever with a non-releasing hook. The beam can be 

tapered to reduce the bending stress in the root when the snap is assembled, most beams are 
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however designed with no taper. The most likely failure mode of the snap when loaded in 

tension is that the snap is bent and releases even though it is a 90-degree angle rather than 

braking in the root [JX]. To avoid this from happening and making sure the failure mode is 

tensile break locking sprints can be used as shown in figure 11.  

In the middle of figure 10 is a cantilever loop snap. When it is loaded in tension it is loaded 

along its neutral axis which means it will not be bent. This means it does not need any locking 

sprint. When molding this snap design knit-lines occur when the mold meets along the loop 

which might weaken the snap and be a crack initiation point [10].  

To the right in figure 10 is a trap face snap design, when assembled it is not loaded in tension but 

rather in compression which is strong. This kind of snap might be difficult to mold straight in to 

an enclosure but is easy to stamp out from a sheet.  

Figure 11. Cantilever snap locking sprint [10]. 

Figure 12 shows a common way of using a snap-fit joint to assemble two enclosure halves. In 

this design there is cantilever loop snaps that are bent and is retained by hooks on the wall. To 

disassemble a tool is pushed to bend the snaps from the side and the enclosure is lifted. There are 

also designs where the wall is the part that is subjected to the displacement instead.   

Figure 12. Snap-fit joint assembly of an enclosure [9]. 
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There are a set of formulas used for dimensioning things like cantilever width, thickness, 

deflection and mating force of plastic snaps. It is based on simple solid mechanics and comes 

down to keeping the stresses and strains below the plastic limit since the snap-fit principle is 

based on geometrically locking parts in place. One important aspect of snap-fits is the insertion 

force. It is important to find a balance between the strength of the snap and the ease of assembly. 

Figure 13 shows a schematic figure of the forces acting on the snap when assembled.    

Figure 13. Forces acting on the snap during assembly [8]. 

The insertion force of the snap-fit is calculated as 

𝑊 = 𝑃
𝜇 + tan 𝛼

1 − 𝜇 tan 𝛼
     (3)  

where µ is the friction coefficient, α is the insertion angle and P is the deflection force. The 

deflection force is calculated based on regular beam theory. There are tables available online 

with formulas for different cross-sections, tapers along the width and height tapers of the 

cantilever snaps. If the snap has a retention angle, the retention force is calculated using the same 

formula but with the retention angle instead of the insertion angle. There are a lot of design 

guidelines when it comes to plastic snap-fits and a summary is presented below [10]. 

 If the snap protrudes from the wall, the thickness of the snap should be 50-60% of the 

wall thickness. When the snap is extending as a continuation of an edge it should be 

equal to the edge thickness for molding reasons.  

 The length to thickness ratio should be between 5 and 10, closer to 10 is preferred. 

 An insertion angle of 25-35° is normally reasonable. 

 The deflection of the beam should not be larger than the beam thickness for a non-tapered 

cantilever snap.  

 Strengthening principles such as ribs and tapers should be made on the compression side 

of the snap. If tapering is done along the length of the snap, a 2:1 taper is effective.   

 A rounded insertion face could reduce maximum assembly force needed and provide a 

more constant assembly force. 

 The snaps should not take sideways forces. Guide pins that are longer than the snaps 

should be used to avoid damage when assembling the snaps.   

 Add radii to avoid stress concentrations.  

 

Plastic snaps can be made in a lot of different polymers, a common one is polycarbonate. 

Polycarbonate is used on other parts of the reference product and works well with requirements 

and lifetime tests performed at Ericsson and is therefore deemed suitable for the snaps in this 

project. Table 3 below shows typical material data of polycarbonate [8][11].  

Table 3. Typical polycarbonate material data.  
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2.5.2 Metal Snap-Fit 

Steel snaps are usually stamped out in stainless steel or spring steel which is usually supplied in 

sheets or strips of varying sizes, thicknesses and material properties. The geometries of the snaps 

vary a lot and are usually custom made for different applications. They do not have the same 

creep load sensitivity as the plastic snap-fits. Figure 14 shows examples of sheet metal snap 

designs.  
Figure 14. Sheet metal snap-fit fastener designs [12].  

Table 4 shows material data of a standard spring steel, 12R11 that can be used for stamping out 

snaps from sheets [13].  

Table 4. Spring steel 12R11 material data.  

2.6 Interference Fit 

Interference fit joints are widely used in different industrial fastening situations as mounting 

pins, positioning pins, parts of bolts and rivets or mounting bearings on shafts. In interference fit 

a shaft and a hub are connected by having a hole that is smaller than the shaft which creates a 

contact pressure through elastic or elastic-plastic deformation of the materials. The friction force 

and contact pressure created depends on the contact area between the two parts, the coefficient of 

friction and the deformation. When disassembly and reassembly of the interference fit joint is 

required it is important to stay within the elastic region of the materials. When assembling an 

interference fit joint the shaft is cooled or the housing heated to decrease or increase the 

diameters to ease insertion [11]. 

The pressure p in the interference is given by 

𝑝 =
𝛿 𝑑⁄

1

𝐸0
(
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(
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2
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            (4) 

where 𝛿 is the is the diameter interference, d is the interference nominal diameter, 𝑑𝑖 is the inner 

diameter of the shaft or pin if there is one and 𝑑𝑜 is the outer diameter of the hub. 𝐸𝑖 is the 

Young’s modulus of the parts and 𝑣𝑖 is the Poisson’s ratio. The friction force F in the joint is 
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given by  

 

𝐹 = 𝑝𝜋𝑑𝐿𝜇        (5)  

  

where L is the length of the pins and µ is the coefficient of friction. The tangential and radial 

stresses in the shaft and hub are calculated as a function of the radius r as  
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This is called Lame’s equation and it is based elastic deformation. To check that the occurring 

stresses are below the elastic limit, the equivalent von Mises stress 𝜎𝑒 is calculated as  

 

𝜎𝑒 = √𝜎𝑡
2 + 𝜎𝑟

2 − 𝜎𝑡𝜎𝑟       (7)  

 

and is compared to the yield strength of the materials in the shaft and hub.  

 

There are many different interference fit pins used in the industry today as standard components. 

Specifically of interest for this project are tapped dowel pins. They solid pins tapped in one end 

which means they could be removed by screwing in a gripping tool and pulling them out of the 

hole, figure 15 below shows a standard tapped dowel pin.   

Figure 15. Standard tapped dowel pin design [14].  

 

Standard dowel pins are typically made of stainless steel AISI 316L. Table 5 below shows 

typical material data for the dowel pins [15]. 

 
Table 5. Typical stainless steel AISI 316L material data.   

2.7 Adhesive Bonding 

Adhesive bonding is a common joint principle used in the automotive, aerospace and 

construction industries and is commonly known as glue and tape. They have several advantages 

and disadvantages compared to other joint principles. Adhesives are practical for joining 

different combinations of materials and they have a sealing property which in this project means 

they could potentially eliminate the need for an IP-gasket.  
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One big advantage of adhesive bonding is the uniform distribution of the stresses over the entire 

bond area which means stress concentrations that can occur when using bolts and rivets is 

avoided. The joint design is also rather simple and consists of one mating component apart from 

the parts that are being joined [16].  

 

Bonding and strength of adhesives depends on several different properties. Contact area 

roughness and real contact area, surface energy of mating surfaces and the adhesive itself, 

cleanliness of the surfaces, application temperature, thickness of adhesive as well as application 

pressure [17]. There are a couple of different types of stresses that are of importance when 

designing an adhesive joint.  These types stresses are shown in figure 16 below where (a) is 

shear, (b) is tension, (c) is peel, is (d) cleavage [16]. 

Figure 16. The important stresses in an adhesive joint [16]. 

 

Adhesive joints are strong in shear and should if possible be designed so that loads are taken in 

shear as the stress is evened out across the joint area. Tension is comparable with shear in 

strength, but it is not always possible to achieve pure tension. Peel and cleavage are usually the 

effect of offset tension forces, moments or flexible mating parts [16]. These two should be 

avoided by for example using guide pins or guide rails.  
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When selecting an adhesive usually the objective is to select an adhesive that fails due to 

cohesive failure rather than adhesive failure, i.e. the adhesive itself fails rather than the bonding 

to the mating surfaces. Figure 17 below shows different failure modes of adhesive bonding joints 

where (a) is failure in the mating part, (b) is cohesive, (c) is adhesive and (d) is both adhesive 

and cohesive.  

 Figure 17. Different failure modes of adhesively bonded joints [16]. 

2.7.1 Tape 

Tapes are viscoelastic which means the strength and stiffness depends on the time they are 

stressed, they are stiffer and stronger if they are loaded in a short period of time. This also means 

that tapes can be sensitive to creep loads [18]. Creep might occur from low but constant forces 

on the joint from for example a gasket. The tape considered in this project has been tested at 

Ericsson together with the supplier.  

 

Prior to applying tape in a joint the surfaces need to be properly cleaned using a mixture of 

isopropyl alcohol and water. The application temperature is preferably 21-38℃ and 100kPa 

pressure is needed for good surface contact. This pressure can be applied using a roller or a 

compression plate. The bonding strength is dependent on time and temperature. After 20 minutes 

in room temperature the bonding strength is 50%, after 24 hours it is 90% and after 72 hours 

100%. This time can be decreased by raising the temperature up to 66℃ [18]. When it comes to 

disassembly cutting through the bond line between the tape and the surface it is adhered to is the 

most effective method [19]. Another method is to locally heat the tape with a heat gun and then 

mechanically remove it. The third alternative is to locally cool the tape to and give a sharp 

impact, followed by heating it up again and mechanically removing it. To remove the adhesive 

still left on the surfaces after disassembly a rubber stripe of wheel attached to a screwdriver can 

be used for removal. Alternatively, the tapes can be soaked for 15 minutes with an adhesive 

removal solvent and then scraped off.  
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2.7.2 Glue 

Glue adhesion to aluminium is generally easy. There are a lot of different glues out on the 

market with a lot of different applications. With the requirements on the product in this project 

silicone or silane modified (MS) polymer glues are suitable [20]. They are flexible and are not as 

strong as structural glues which means they are easier to remove. They cannot be heated to be 

removed, they need to be mechanically removed by for example using a cutting blade or 

abrading wheel, like the tape. The main reason to why these two glue types are of interest is the 

requirement of possibility to disassemble the joint. Since they are flexible they are sensitive to 

creep in the same way as viscoelastic tapes.  

 

If the requirement of joint disassembly is not prioritized structural adhesives such as epoxy is 

suitable. It is stronger than the previous two glue types mentioned and is rigid. Since it is rigid it 

is not sensitive to creep in the same way as silicone and MS polymer glues. Toxicity and 

working environment are important to consider and control when using epoxy in the assembly 

lines.  

2.8 DFMA 

Design for Manufacture and Assembly (DFMA) is the combination of two methodologies called 

Design for Assembly (DFA) and Design for Manufacture (DFM) that are used to simplify 

products to reduce manufacturing and assembly time, complexity and costs. There are many 

guidelines and factors that is involved in DFA and DFM. Below is a summary of factors that are 

regarded as the most important to consider when designing [21][22].  

 The minimum number of parts needed to achieve the function should be used.  

 Use standard components as they are less expensive than custom made parts and have a 

high availability on the market. Avoid using materials that are rare and expensive 

whenever possible.  

 Design parts to be multifunctional and develop a modular design.  

 Parts should be rotationally symmetric as much as possible or otherwise it should be 

obvious that they are asymmetric.  

 Parts should be designed so that they are easy to insert and align when assembling (i.e. 

guides and chamfers to ease assembly) 

 When automatic assembly is made insertion is preferred vertically from above, parallel to 

the gravitational direction to make use of the effects of gravity when assembling instead 

of having to compensate for their effects when other directions are used.    

 When manual assembly is made, vision and access should not be restricted.  

 Parts should be designed so that they are easy to grasp and handle (i.e. not slippery, 

fragile, sharp etc.)  

 Minimize the amount of handling in the manufacturing and assembly process needed 

such as repositioning, fixing and reorientation of the product.  
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         3 IMPLEMENTATION 

In this chapter the implementation of the project is presented. The chosen joint is presented and 

analyzed, followed by concept generation, evaluation and further development.   

3.1 Joint Analysis 

In the following sub-chapter, the selection of joint is presented. The forces acting on the joint are 

analysed using a bottom-up strategy where the different forces are identified and added to get the 

total force on the joint.  

3.1.1 Chosen Joint 

The chosen joint for further investigation is the exterior enclosure. One of the reasons for this is 

the confidentiality of the product information, which this joint is least sensitive to since it is not 

mounted inside the product. Another is the fact that all the bolts in this joint are retightened 

which historically has been a quality issue when manual assembly is made. This joint is also the 

one where there is the most geometric freedom around the joint. This joint always needs to be 

disassembled in case service is needed of internal components which means that time could 

potentially be saved not only in assembly but also in disassembly and reassembly of the product 

if it needs service.  

3.1.2 Force Analysis 

To establish the amount of force acting on the chosen joint a couple of different force 

estimations are made and a total dimensioning force is specified that the generated concepts need 

to handle. The forces acting on the joint are compression force from the IP-gasket which is 

shown in red in figure 18 below, compression force from the EMC-gaskets which is shown in 

red in figure 19 and wind loads.  

Figure 18. IP-gasket that is compressed by the screw joint.  
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Figure 19. EMC-gaskets that are compressed by the screw joint.  

IP-gasket Force  

To establish the force acting on the joint from the IP-gasket a tolerance stack calculation needs to 

be made. This is done by using the RSS-method and relating compression rates calculated from 

it to the force data provided by the gasket supplier shown in figure 7 in the frame of reference. A 

schematic figure of the tolerances on the different parts of the geometry that effect the 

compression of the IP-gasket is shown in figure 20 below.   

 Figure 20. Schematic figure of the tolerances that effect the IP-gasket compression rate.    

Table 6 below also shows these dimensions and tolerances as well as their squares, the sum of 

them and the root sum of the squares. The values have been removed since it is considered 

sensitive information.  

Table 6. IP-gasket system tolerances and dimensions.    
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The minimum and maximum compression rate values are then calculated according to the RSS-

method. They are shown in table 7 below along with the nominal compression rate. Some values 

have been removed due to being sensitive information. The filter and heatsink profile tolerances 

are not included in the summation for the maximum compression since it is not physically 

possible that these are deformed into each other. They are included in the calculation of the 

minimum RSS-value.  

Table 7. Minimum and maximum compression rate according to the RSS-method. 

The minimum and maximum compression rate values are then used to obtain the compression 

forces from the gasket supplier data which is shown in figure 21 below.  

Figure 21. Min and max compression of the IP-gasket according to the RSS-method. 

The dimensioning value is the maximum RSS-value and it gives a compression force according 

to the specification. The total compression force is calculated by multiplying this value with the 

length of the gasket. The minimum compression value of 20% shows us that we always stay 

within the working area of the gasket. If we would have lower compression of the working area a 

force would be needed deform the two enclosure halves together or change the tolerances. This 

is good news, the concern prior to these calculations was that the enclosure needed to deform the 

enclosure halves which would require a lot of force and limit the possibilities for some joint 

principles.  
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EMC-gasket Force 

To establish the force the EMC-gaskets contribute with in the joint a second RSS-method 

analysis is made. Figure 22 and 23 below shows a schematic figure of the different tolerances 

and dimensions that effect the compression rate of EMC-gaskets. The schematic figure has been 

simplified by only showing one gasket. The gaskets are a lot smaller in comparison with the rest 

of the geometry on the actual product compared to the schematic figure.  

 Figure 22. Schematic figure of the tolerances that effect the EMC-gaskets compression rate. 

 

 Figure 23. Schematic figure of the tolerances that effect the EMC-gaskets compression rate. 
 

Table 8 also shows these dimensions and tolerances as well as their squares, the sum of them and 

the root sum of the squares. The values have been removed since it is considered sensitive 

information.  
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Table 8. EMC-gasket system tolerances and dimensions.    

The minimum and maximum compression rate values are then calculated according to the RSS-

method. They are shown in table 9 below along with the nominal compression rate. Some of the 

values have been removed since they are considered sensitive information.  

Table 9. Minimum and maximum compression according to the RSS-method. 

The minimum and maximum compression rate values are then used to obtain the compression 

forces from the gasket supplier data which is shown in figure 24 below.  

Figure 24. Min and max compression of the EMC-gasket according to the RSS-method. 
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The dimensioning value is the maximum RSS-value and it gives a total compression force for the 

6 gaskets. The minimum compression value of 22% shows us that we always stay within the 

working area of the gasket for these gaskets as well. That means deforming the two enclosure 

halves together or changing the tolerances is not needed. However, the maximum compression 

value is higher than the recommended compression from the supplier which is worth noting.  

Wind Load 

One of the requirements on the product is that it needs to withstand a specified wind load. On the 

radio this is simplified to a static suction pressure acting on the filter half of the enclosure and 

the heatsink half is assumed to be mounted rigidly into a rack. Figure 25 below shows a 

schematic figure of this load case.   

Figure 25. Schematic figure of the wind load requirement on the radio. 

The static pressure is replaced by a wind load in this case and is calculated as 

𝐹𝑑 =
1

2
 𝜌𝑣2𝐶𝑤𝐴      (8) 

where 𝜌 is the density of the air, v is the speed of the wind, 𝐶𝑤 is the drag coefficient and A is the 

surface area. The air density is approximately 1,21 kg/m3 at 20℃ in 1 atmosphere pressure [11]. 

The drag coefficient is assumed to be 1 which is a conservative estimation [23] and with the 

dimensions of the radio a drag force is obtained.  

Total Force on Joint 

With all forces estimated a summary is made which is shown in table 10. A safety factor of 3 is 

used when establishing the dimensioning force. This safety factor has been set in discussions 

with Ericsson based on the assumptions made in the force calculations. The IP-gasket force is 

excluded from the dimensioning force for adhesive concepts since it is assumed that the adhesive 

itself works as an IP-seal. The values of the different forces have been removed due to 

confidentiality, a note for the reader is that the IP-gasket and EMC-gasket are the main 

contributors to the total force.   

Table 10. Summary of the forces on the joint.    
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3.2 Concept Generation 

In this chapter several concepts for joining the two enclosure halves without using screws are 

described. They have been generated based on the fastening principles presented in the frame of 

reference and the requirements set on the product. All the concepts have steering pins that take 

loads in shear and helps aligning the parts in assembly. This means the joint function is to handle 

tensile loads. These pins are a part of the existing geometry as well.  

 

The thermal conductivity between the two halves is a low priority and is not investigated as it is 

deemed to be of little importance. The only remark regarding this is that a lower thermal 

conductivity from the heatsink to the filter is considered better. The connectors between the filter 

and the PCB is assumed to provide enough electrical conductivity between the two enclosure 

halves in case of a lightning strike. This is defined as a knowledge gap for this project and is 

something that could be further investigated.  

3.2.1 Die Cast Aluminium Snaps 

The first snap-fit concept is to simply die cast snaps onto the aluminium filter enclosure half. 

Figure 26 and figure 27 shows the concept. The snap design is based on the cantilever loop 

principle described in the frame of reference. That means no locking sprint is needed since it is 

loaded along its neutral axis. They snap into a hook that is molded into the heatsink. There is a 

hole in the heatsink that enables disassembly by pushing out the snap from the side while the 

filter half is lifted.  

Figure 26. Molded aluminium snap-fit concept. 
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Figure 27. Closeup of die cast aluminium snap-fit concept. 

Minimum wall thickness for die cast components depends a lot on the part, for a snap geometry 

like this and geometry of the rest of the part the minimum wall thickness would be 

approximately 2,5 mm. This is a design guideline approximation for this specific geometry [23]. 

The length of the snaps is limited by the molding process and the fact that longer snaps would 

mean handling of the filter half in the production would be more difficult.   

Minimum wall thickness for a similar geometry injection molded in polycarbonate needs a 

minimum wall thickness of at least 1,5 mm. Once again this is an approximation for this specific 

geometry and depends a lot on sink marks and a lot of other factors [23].  

To make sure the snaps do not break when assembled they are simplified to being cantilever 

beams. Some basic beam theory calculations are made as well as a finite element analysis in 

ANSYS
®
, these are shown in appendix C. The calculations are made with a deflection equal to 

the thickness of the beam at the tip and is tested for several dimensions. The stress in the root is 

to large, the elastic limit is passed, and no other conclusions are made from the calculations more 

than the fact that they are too large. The FEA is made with a fine mesh in the root but no 

convergence analysis is made since the specific values are of no interest. The stresses could be 

reduced by increasing the root radius and tapering the beam, but this will not lower the stresses 

enough to reach acceptable levels. This concept is discarded. 

3.2.2 Concept 1 – Spring Steel Snaps 
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This concept is based on the design of the casted in aluminium snaps, however the snaps are a 

separate part that are made from sheet metal spring steel. Spring steel can handle much higher 

stresses than the die cast aluminium. Figure 28 shows a schematic figure of the concept (the 

schematic figure shows one corner of the product). 4 spring steel snaps with the shape of a T is 

pressed through both the enclosure halves and hooks into a hook in the heatsink with a design 

like the die cast aluminium concept. The hook is lowered into a groove to increase the contact 

area with the spring steel loop and the radius in the hook root to be able to carry larger loads. The 

weak link in this concept is the wall hook.  

Figure 28. Schematic figure of the spring steel snap concept. 

Figure 29 and 30 below shows the dimensions of the snap and hook. Dimensions exceeding 

these are deemed to be too large and interferes with other functions in the product. 

Figure 29. Spring steel snap dimensions.  
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Figure 30. Aluminium wall hook dimensions. 

 

The snap is shaped like a T to make sure that it is still loaded along its neutral axis even though 

the base is bent sheet metal. A plastic cover is needed to cover it on the front of the radio to keep 

a non-intrusive design. A large contact area between the hook and loop is needed to keep the 

stresses in the surface low. A bent contact feature on the spring steel snap would mean the 

normal axis in tension of the snap is no longer achieved, hence the loop is simply stamped out.  

 

FE-models are made to locate stress concentration areas and optimize the design of the snap. The 

models are made with a fine mesh that is refined where the stresses are high, but no convergence 

analysis is made since the values are not used to draw any conclusions. Figure 31 and 32 show 

stress concentration areas for bending and tension of the spring steel snap.  

Figure 31. Bending of spring steel snap. 
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Figure 32. Tension loading of spring steel snap. 

 

Figure 33 shows the aluminium wall hook loaded in tension. It is dimensioned to carry as large 

loads as possible in tension with the maximum size that is deemed acceptable.  

Figure 33. Aluminium wall hook loaded in tension. 

 

The spring steel snaps are custom made for this concept and are stamped out from spring steel 

sheets. The wall hook in the heatsink is die casted and requires complex casting procedures and 

supporting geometry that needs to be machined after casting [23].   

3.2.3 Concept 2 - Plastic Snaps 
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Most snap-fit joints are made in plastic materials, the most classic one is the cantilever snap. 

This concept is a double cantilever snap made in polycarbonate. Figure 34 and 35 shows the snap 

in purple and two locking sprints in orange.  

Figure 34. Polymer double snaps concept with locking sprints. 

 

Figure 35. Polymer double snaps concept with locking sprints. 

The concept has no holes from the side and is pushed off by bending out the hook from above or 

below. The locking sprints are needed to make sure snap failure mode is breaking in tensile or 

shear rather than unhooking when it is loaded. Having this design instead of the loop design used 

in the previous concepts means the heatsink casting and machining operations are not as 

complex.  
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Beam bending calculations with standard formulas, results from the finite element analysis as 

well as a convergence analysis is shown in appendix D. Figure 36 below shows the dimensions 

of the snap geometry that is analyzed.  

Figure 36. Polymer double snaps dimensions. 

The bending stress and strain in the root are below the elastic limit and yield stress of the 

material. The tensile analysis is made to get a feeling of how much load a polycarbonate of a 

reasonable size for the enclosure could carry. The bending stress is 40 MPa with an uncertainty 

of approximately 1,1% in the finite element analysis and 35 MPa in the standard beam 

calculation formulas. The beam calculations do not take stress concentration into account, and 

the maximum stress of the FE-model is in the root. All supports are assumed to be frictionless, 

the same goes for the tensile load case where the locking sprints are assumed to be rigid relative 

to the snaps. Their design is not in this stage thoroughly investigated but they are assumed to be 

made in metal or a hard polymer. The snaps are assumed to be assembled and disassembled less 

then 10 times which means a strain lower than 70% of the strain at yield is acceptable [10]. 

Tapers of the snaps are not needed to lower the stresses and strain, it would also complicate the 

design and function of the locking sprints.   

The tensile load case FEA shows that the snaps can carry 200 N with an uncertainty of 

approximately 3% with a maximum von-Mises stress of 25 MPa in the hook root. The safety 

factor to the yield stress of the material is approximately 2. This safety factor is set since the 

tension of the joint is critical for the enclosure function. The safety factor of 3 applied to the 

dimensioning forces is something to have in mind. The purpose of the FEA analysis is to 

evaluate the load capacity of the snaps in general. The design, especially the width can be 

changed to carry larger loads with the compromise of taking up more space in the product.  

 

3.2.4 Concept 3 - Interference Fit Pins 

This concept is based on tapped interference fit pins mounted in a direction that only gives shear 

loads on the pins when it is mounted on site. The interference pin geometry is shown more in 
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detail in the frame of reference. Forces in other directions are assumed to be taken care of by the 

guide pins. The concept is shown in figure 37 in an exploded view and in figure 38 where the 

interference pins are mounted.  
Figure 37. Solid interference pins concept overview. 

Figure 38. Solid interference pins concept. 

 

To dimension the concept and make sure there is no plastic deformation in the interference fit 

pins or the heatsink and filter, basic calculations are made. This is done using standard tolerances 

and a standard interference fit calculator available online [24] with the assumption that the 

interference pins are solid. Basic calculations are also made to dimension the thickness of the pin 

and width of the seats needed to handle the forces on the enclosure, this is also based on a 

standard calculator available online [25].   

 

The goal of the concept is to take up as little space as possible while still handling the 

dimensioning load of approximately 10 kN, which means the pins should carry 2,5 kN each. A 

standard tapped dowel pin with a diameter of 6 mm and a length of 20 mm is picked from a 

supplier and used as inputs along with the material data in the double shear calculator. Figure 39 

shows the calculator results. The outer diameter of the seat is set to 18 mm as a first estimation. 

The safety factor is set to 1 since the dimensioning load itself has a safety factor of 3 to it. The 

stresses in the seats and the pin are well below the yield stresses of the aluminium seat and steel 

pin with material properties shown in table 1 and table 5 in the frame of reference. Larger 

diameter of the pin and an increased thickness of the plates is going to give even lower stresses.  

Figure 39. Double shear calculator [25] 
 

The next step is to dimension the tolerances for the pin and holes to makes sure they stay in 

interference during the entire temperature span according requirements of the product while 

staying below the yield stresses of the components. Since the joint has a requirement of being 

disassembled and reassembled again plastic deformation is unwanted. The difference in the 

diameter of the pin and holes are calculated as [26] 

 

∆𝑑 = 𝑑0𝛼(𝑡1 − 𝑡0)      (9) 
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where 𝑑0 is the initial diameter, α is the thermal expansion coefficient, 𝑡0 is the initial 

temperature and 𝑡1 the final temperature. The temperature difference is -40 to 80℃ according to 

the requirements. The pin has a lower thermal expansion coefficient and the difference in how 

much the pin and hole diameters expand are 2,9 µm. International Organization for 

Standardization (ISO) standard tolerances N6 for the hole and j5 for the shaft gives a minimum 

interference of 3 µm and a maximum interference of 16 µm. The tolerances are selected from a 

standard tolerance table, a lot of different tolerance widths are calculated and the tightest one is 

picked that is above the minimum allowed.  

 

With the tolerances specified the stresses in the contact areas are calculated with a standard 

interference fit calculator with the maximum and minimum interference as input. The results and 

inputs are shown in appendix E. The von Mises stress for the maximum interference is above the 

yield stress. The minimum interference achieved with the tolerance is close to the minimum 

needed. A larger diameter of the pin would result in lower stresses as the contact area is 

increased, this is tried iteratively in the calculator.  

 

With an increased diameter comes an increased tolerance width according to the standard tables. 

The diameter is continuously increased, with a diameter of 18 the von Mises stresses are below 

the yield stresses for both materials with the same tolerance classes, results from the calculator 

are shown in appendix E. The tolerance class gives a maximum and minimum interference of 25 

and 6 µm. A temperature range of -40 to 80℃ which means we have a difference of 120℃ gives a 

minimum required interference of 9 µm to cover the whole range which is higher than the 

minimum provided by the tolerances. To make sure an interference of 1 µm is always maintained 

the allowed temperature difference can only expand the materials 5 µm which would be 70℃. 

The diameter of the pin could be increased further to lower the stresses even more but is deemed 

to take up too much space in the product and this concept is not further analyzed.  

 

To solve the problem of keeping the pins small while handling the change of diameter and not 

deform the aluminium seats plastically, slotted spring pins or coiled spring pins could be used. 

They are standard components and are pins made of coiled up steel sheets. Figure 40 below 

shows a drawing of a standard slotted spring pin and figure 41 shows a drawing of a coiled 

spring pin.  

Figure 40. Spring pin [27]. 

Figure 41. Coiled spring pin [28]. 

 

These pins are used in various applications such as locking sprints or hinges. Figure 42 and 

figure 43 shows how the concept would look on the product in this project.  



 46 

Figure 42. Coiled spring pin concept. 

Figure 43. Coiled spring pin concept. 

  

To disassemble the product the pins cannot be pulled out, they need to be pushed into the 

product in a cavity. The slotted spring pins could potentially still deform the seats plastically, but 

the coiled spring pins are assumed to not do so. This is something that needs to be verified by 

physical tests.  
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3.2.5 Concept 4 – Tape 

This concept uses adhesive tape to bond the two enclosure halves together. Figure 44 shows an 

overview of the concept.  

Figure 45. Adhesive bonding concept.  

 

There are different tapes out on the market with different specifications. The assembly and 

disassembly method for them is rather similar. These methods as well as different factors to 

consider when designing a tape joint are presented below.  

 

The tape specifically studied in this project is one that Ericsson has already made physical tests 

on for aluminium to aluminium contact. The tests showed that the failure mode for the joint was 

cohesive. The tape is essentially acrylic glue on a strip that has adhesive on both sides. It has a 

normal tensile strength of 0,62 MPa in room temperature and is provided in strips of 6, 9, 12 and 

19 mm widths and thicknesses of 1,1 mm or higher [18]. It is also possible to punch out tapes 

from sheets that perfectly match the enclosure design. The amount of material scrapped for this 

application when using this technique is deemed to high hence the selection of strips. The tape 

has a temperature rating of -35 to 90℃ and a thermal expansion coefficient of 100*10−6/K. It is 

important to design the joint so that the tape can expand without causing any problems to the 

surrounding geometry. It has a higher thermal expansion coefficient than the two enclosure 

halves.  

 

With the dimensioning force of approximately 6 kN and geometry of the product a width of 6,8 

mm is needed. The closest larger available standard width of 9 mm is selected. According to the 

supplier the thickness of the tape should be at least twice the mismatch in the joint. RSS-

calculations are made based on the filter and heatsink filter surface tolerances and a thickness of 

1,1 mm is selected, even the worst-case scenario mismatch handled by this thickness. The tape 

can tolerate movements in the shear plane of up to 3 times the thickness [29] which also needs to 

be kept in mind when designing with it. Making sure larger movements do not appear can be 

taken care of by using steps or guide pins as mentioned previously. The tape strength is 

dependent on temperature and needs to be tested physically in this application. The amount of 

extra tape needed to cover the seams in the corners of the enclosure needs to be tested physically 

as well with air leakage tests.   
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3.2.6 Concept 5 – Glue 

This concept uses glue instead of tape to adhesively bond the two enclosure halves together. The 

principle design of the joint is the same as for the tape concept shown in figure 45. Silicone and 

MS-polymers are preferred when disassembly of the joint is a requirement. To increase the 

durability of the bond a primer is recommended to protect the joint from being weakened by 

corrosion over time. Anodization of the aluminium surfaces can also be done to make sure the 

oxides are not the weak link in the joint. Cleaning the surfaces as with the tapes is important 

before applying the glue to achieve proper bonding. There are many different Silicones and MS-

polymers out on the market with different properties, the ones used in this concept are based on 

recommendations from experts in the industry [17][20].  

 

Basic calculations of the width of glue needed is made with the assumption that the failure is 

cohesive to get an estimation of the size of the concept. Two different silicone glues are 

considered, on with a tensile strength of 2 MPa [30] and one with 2,5 MPa [31]. The minimum 

width needed for the dimensioning load would be approximately 2,1 and 1,7 mm. This is 

something that needs to be tested physically, especially with varied temperatures. A safety 

margin needs to be added to the width due to uncertainties in the glue application procedure. The 

conclusion here however is that less width is needed for the glue compared to the tape if it bonds 

to the aluminium. The toxicity and application procedure are different from glue to glue and is 

important to keep in mind during the selection since a lot of extra equipment might be needed to 

take care of this in assembly.   

 

An alternative to using silicone or MS-polymers would be to use epoxy which is rigid and 

therefore not sensitive to the creep forces from the EMC-gaskets. There are a lot of epoxies and 

they are generally a lot stronger than the previous mentioned glue types [17]. However, heat 

needs to be applied to the joint when it is to be disassembled which is deemed unacceptable by 

Ericsson. The toxicity of epoxies is also important to keep in mind when considering them as an 

alternative.  

3.3 Concept Evaluation 

A concept evaluation meeting is held together with Ericsson representatives where evaluation 

criteria’s and weights are discussed and decided for the concepts.  The concepts are then graded 

with the existing bolt joint as a reference. The concept evaluation is summarized in a Pugh’s 

evaluation matrix, shown in table 11.  
Table 11. Pugh’s evaluation matrix. 
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3.3.1 Concept 1 – Steel Snaps 

An advantage of using steel snaps is that the thermal expansion coefficients of steel and 

aluminium are similar compared to aluminium and polycarbonate. The difference in thermal 

expansion might lead to creep issues or a gap between the two enclosure halves. Another 

advantage is that the spring steel can handle much higher stresses compared to the 

polycarbonate. However, there might be problems with passive intermodulation when using steel 

snaps due to indistinct metal contact between them and the enclosure halves. 

3.3.2 Concept 2 – Plastic Snaps 

Snap-fit is regarded as the fastest and simplest concept to assemble and disassemble. Plastic 

snaps are sensitive to the large creep forces from the gaskets. The gasket forces needed means a 

few wide or many smaller snaps are needed to carry the loads. The large differences in 

temperature might cause creep problems due to the differences in thermal expansion coefficients.  

3.3.3 Concept 3 – Interference Fit Pins 

This is the concept that is assumed to handle the highest loads. However, the concept is not 

considered interesting for further development for several reasons. The main reason is that the 

position tolerances for the holes need to be extremely tight to get the holes to match. The holes in 

the filter and heatsink would probably have to be drilled when the parts are assembled which is 

not something Ericsson wants. Another suspected problem is passive intermodulation due to 

indistinct metal contact. The mounting direction of the pins is not vertically from above which is 

preferred in the assembly.  

3.3.4 Concept 4 and 5 – Tape and Glue 

EMC-gasket creep forces are a big issue for these two concepts, they need to be eliminated for 

these concepts to work. The biggest advantage of these concepts is that the IP-gasket can be 

eliminated. These are also the concepts that are regarded to have the least intrusive design. The 

concepts need to be tested with physical studies and especially thermal effects on the joint are of 

interest. Epoxy is not of interest due to its toxicity. Ericsson will conduct a project on their own 

that goes more in depth on adhesive joints, hence further development of this is not of interest in 

this project.  

3.3.5 Concept Evaluation Conclusion 

Snap fit is the most interesting concept to further develop in this project. Changes to the existing 

geometry should be investigated in the further concept development. Eliminating creep forces 

from EMC and IP-gaskets might make it possible to use snap-fit and potentially adhesives. 

Redesigning the gaskets is interesting for a lot of products within the Ericsson portfolio and is 

the first focus of the further concept development.  
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3.4 Further Concept Development 

To decrease the forces acting on the joint, gasket redesigns are needed. The gaskets provide large 

creep forces which are harmful for several concepts. To tackle this issue the use of radially 

compressed gaskets is investigated rather than using axially compressed gaskets.  Radial gaskets 

are used in several applications and are commonly used on shafts. The gaskets could be mounted 

on the shaft by stretching it around the shaft like a regular rubber band. Alternatively, the gaskets 

could be mounted on the housing by flexing out into the walls and therefore stay in place. Figure 

46 shows a radially compressed gasket stretched around a rod.  

Figure 46. Radial gasket [32].  

 

To decrease the risk of improper assembly the gaskets are usually oiled or greased up. Improper 

assembly could be that the gasket twists around in the groove or jumps out of the groove when 

assembled. Another way to make sure the gaskets stay in the groove is to add adhesives on 

surface that is laying against the groove bottom. There are gaskets on the market that are inflated 

after the parts have been assembled like a regular bicycle tube. These require some sort of 

inflation valve and inflation system and are deemed to require too much handling in this case. 

Another principle used to ease assembly is to chalk up the gaskets, so they are not as sticky 

which would mean some sort of chalk powder needs to be used. Ericsson wants to try 

eliminating the use of any of these extra additions needed more than the actual gasket itself.  

 

There are several things to consider when designing for radial gaskets to avoid installation 

damage. All sharp edges on the mating parts need to have a chamfer or be rounded, the lead-

chamfer for the gasket should be 20° and the components need to be clean before installation. 

The groove as well as gasket need to have correct dimensions as well as selection of the right 

material for the gasket is important [32].  

3.4.1 EMC-gasket Redesign  

The EMC-gaskets are round and rather small which is good for radial gaskets. After some 

internal research, it turns out that Ericsson has a radial silicone EMC-gasket in another product. 

The application is rather similar, the gasket is mounted by flexing out into the housing part of the 

assembly with a regular rubber part attached to EMC-material providing the right flex. The 

silicone EMC-material itself is not very strong and flexible due to the metal fibers which means 

the rubber band principle might break the gasket when it is stretched during assembly. A gasket 

that flexes out does not need to be stretched to the same extent when assembled.  
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An alternative to using silicone EMC-gaskets is so-called fingerstock gaskets. These are 

typically made from beryllium copper and they have high conductivity, they are used in 

electronic enclosures. Figure 47 shows a couple of fingerstock contact ring design examples. 

 

Figure 47. Copper fingerstock gaskets [33].  

 

Fingerstock gaskets can handle relatively large play both radially and in height which is 

important for this application. Figure 48 below shows an example of how fingerstock could be 

implemented in the radio between the PCB-cover and filter.  

 

Figure 48. Fingerstock gasket concept.  

 

Using fingerstock gaskets means the forces from the gasket is mainly radial. The gaskets have 

excellent temperature range. They are assumed to not result in PIM-problems but that needs to 

be verified by doing physical measurements. One important note is that the shielding ability is 

decreased with bigger distances between the contact arms at frequencies larger than 1 GHz [23]. 

A negative thing with fingerstock gaskets is that they can be subjected to galvanic corrosion in 

the presence of an electrolyte such as water. Since the gasket is placed inside the product this is 

not an issue in this case. There are also fingerstock gaskets made in stainless steel which might 

be something to consider since copper can be expensive and have environmental complications.  

 

The EMC-gasket is defined as a knowledge gap in this project and is not further investigated in 

the thesis. The axial forces from them are assumed to negligible under the assumption that a 

radial solution is possible.  
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3.4.2 IP-gasket Redesign  

The gasket geometry is a rectangle with dimensions width of 335 and a length 380 mm. It is 

assumed that rather large radiuses are needed in the corners to spread out the stretching of the 

gasket on longer distances. There are a lot of limitations on the mating parts when it comes to the 

gasket geometry. The wall thickness of the enclosure needs to be kept small, the height is limited 

due to connectors and the radiuses in the corners cannot be too large. The gasket manufacturer 

wants a groove that is as deep as possible. Based on geometrical requirements an initial design is 

made with the largest allowable dimensions. Figure 49 shows the current axially compressed 

gasket in principle to the left and the radially compressed concept in principle to the right.  

Figure 49. Axially compressed gasket (left) and radially compressed gasket (right).  

 

An initial gasket design is made together with a gasket manufacturer to be used for testing with a 

physical prototype of the enclosure. The risk is that the gasket will jump out of the groove along 

the long straights between the rounds on the corners of the rectangular shape of the enclosure. A 

special cross section is developed specifically for this application together with a gasket 

manufacturer.  

 

To establish the gasket and groove dimensions to achieve proper compression and play for the 

gasket RSS-method tolerance calculations are made. The tolerances are based on input from 

experts at Ericsson and the gasket manufacturer. The tolerance calculations are shown in table 

12.  
Table 12. Tolerance calculations used as input for the gasket design.  

  



 53 

Figure 50 and 51 below shows the gasket profile and its surrounding geometry in detail, the 

enclosure has been simplified to a rectangular box. There are a lot of geometrical constraints on 

the gasket solution. It needs to be narrow so that the total wall thickness of the enclosure can be 

kept low and it should not take up a lot of space in height to not interfere with connectors and 

other functions of the product.  

Figure 50. Radial gasket overview.  

Figure 51. Radial gasket profile and geometry.  

 

The black part of the gasket is rubber with a shore A hardness of 90 and the red part of the gasket 

has a shore A hardness of 40. The gasket is stretched around the filter and the small outdents on 

the profile are compressed by the groove to keep the gasket in place when the red part is 

compressed by the heatsink during assembly. Several different cross-section designs and forms 

have been discussed together with the gasket supplier.  

 

This concept needs to be tested by making a physical prototype of the enclosure and gasket. The 

idea is to make the heatsink out of transparent polycarbonate and then visually inspect the gasket 

to see if it stays in the groove and does not rotate. Figure 52 shows a CAD-image of the 
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prototype. The idea is to screw the two enclosure halves together and add valves to do air 

leakage testing according to Ericsson procedures if the gasket assembly procedure is successful.  

Aluminium and polycarbonate have different coefficients of friction against rubber so doing both 

halves in aluminium is preferable but makes visual inspection difficult. Air leakage testing could 

still be conducted.  

Figure 52. Radial gasket assembly prototype.  

 

The gasket is extruded, followed by cut into different lengths that are joined in the ends with 

adhesive. The plan is to test several different lengths to achieve different pretension of the gasket 

when it is mounted in the groove. Regular circular cross sections will also be tested. Different 

lengths of gaskets, meaning different stretch of the gaskets will be tested to see what pretension 

is needed. 

 

The physical prototype is something that will be produced and tested by Ericsson outside of this 

thesis project due to time and economical constraints in the thesis. This is defined as a 

knowledge gap in the thesis project and is assumed to work in the further development of the 

enclosure joint. The friction force from the gasket against the heatsink would help the joint 

concept in keeping the enclosure halves together in reality rather than working against it as the 

axially compressed gasket.  

3.4.3 Snap-Fit Concept Development 

Based on the gasket design it is apparent that the space for the joint concept is limited. To fit in 

the assembly the snap concepts need to decrease in size compared to the ones generated in the 

concept generation. A wish from Ericsson is that the modifications needed on the mating parts 

are simplified compared to the ones presented in the concept generation phase. A lower 

complexity in the design of the mating geometry means simpler and cheaper die casting. Based 

on this a circular mating part geometry is designed. Figure 53 shows an overview of the further 

concept design.  



 55 

 

Figure 53. Concept overview. 

 

A new concept of the snap geometry that is easier to manufacture and simplifies the processing 

needed to the filter and heatsink after casting is made. It is shown in figure 54 below and is 

inspired by push-pins used for attaching PCBs to heatsinks.  

Figure 54. New snap-fit concept design. 

 

Usually push pins are pretensioned using a metal spring. This is however something that might 

give problems related to PIM in this application. To pretension the snap a rubber distance is 

placed under its head instead. The snap is assembled by pushing it into the hole, temporarily 

compress the rubber distance followed by releasing pushing pressure and the snap is mounted in 

place. To disassemble the snap sprint the two legs are bent together using pliers or a similar 

automatic principle and pushing the snap out from below.  
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The rubber distance takes care of tolerance chain deviations, thermal expansion differences as 

well as eliminating PIM-problems related to the snap rattling around if the product is subjected 

to vibrations. The concept is to use one snap in each corner of the product. The snaps could be 

made in either plastic or aluminium. The PIM related issues are only assumed to be present if the 

snap is made from metal. The rubber distance needs to be relatively soft, so it can handle large 

deviations in compression rate and provide a low but enough reaction force. The snap needs to 

sit in place but should not be subjected to forces high enough to result in creep problems. To 

calculate the variation in compression of the rubber distance and to dimension its thickness, 

tolerance calculations are once again made using the RSS-method. The calculations are shown in 

table 13. Added to the variation of rubber distance compression is the difference in thermal 

expansion that might occur between the snap and the mating parts.  

 
Table 13. Tolerance calculations made for rubber distance compression.  

 

Initial prototypes are made in Polyetherimide (PEI), Polycarbonate (PC) and aluminium 7075. 

These are materials that pass Ericsson requirements on things like flammability, water 

absorption, corrosion tests and ultraviolet radiation. Material properties for PEI are collected 

from suppliers [34] and material properties for PC are shown in table 3 in the frame of reference. 

Typical material properties for aluminium 7075 are shown in table 14 [35].  

 
Table 14. Typical aluminium 7075 material properties. 

 

To establish the dimensions of the snaps cantilever beam simulations like the ones made in the 

concept generation phase are made. The stresses need to be below the yield limit while the 

distance between the two legs and the hook area should give the snap as large tensile load 

carrying capacity as possible. The design stress for the aluminium snap and polycarbonate snap 

is initially set to 75% of the yield stress of the materials after discussions with Ericsson with the 

plan to decrease this number if needed. The tensile strength is prioritized in the balance between 

tensile strength of the snaps when assembled and assembly stresses. The amount of assemblies 

and disassemblies is assumed to be 1 or 2. Figure 55 shows the boundary conditions used in 

ANSYS
® when analyzing deflection when assembling the snap sprints. Detailed figures, stresses, 

strains and convergence analyses for a polycarbonate snap and aluminium 7075 snap are shown 

in appendix F. The dimensions of the PC and PEI snap are the same. The aluminium snap has 

longer legs than the plastic ones.  
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Figure 55. FE-model of the assembly moment deformation. 

 

To evaluate the tensile strength and assembly force and get a feel for the assembly of the 

concepts it is decided that physical prototypes and tests need to be performed. When the snaps 

are loaded in tension the retaining beams are bent inward quite a lot and based on the frame of 

reference it is assumed that they will snap out before braking in the hook root. When the snap 

sprints are deformed the frictional force plays a big role in when it releases. Figure 56 shows the 

deformation of the aluminium snap sprint design when it is loaded in tension in ANSYS
®
. No 

conclusions on load carrying capacity are made other than that physical tests are a good idea to 

investigate this.  

Figure 56. Deformation due to tensile loading of the aluminium snap sprint design. 
 

Ideally there is no need for a locking sprint from below to keep the snaps in place. Tests without 

a locking sprint are to be conducted in a tensile testing machine to see what the load carrying 

capacity of the snaps are. The prototypes are milled from round rods made in PEI, PC and 

aluminium 7075. The next step would be to mold snaps, but milled snaps is deemed as enough 

for initial tests.  

 

The enclosure geometry is simplified to two aluminium blocks that is joined by one snap-fit 

sprint. The two blocks have mounting interfaces to a tensile and pressure tester. Figure 57 shows 

a CAD-overview of the prototype assembly.  
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Figure 57. CAD overview of the prototype assembly.   

 

The heatsink block has a groove which is mounted to a load cell. The groove makes it possible to 

vary the distance between the blocks to test different compressions of the rubber distance. Figure 

58 shows a section view of the assembly. A steel bushing is used in the heatsink block since it is 

more durable than the aluminium. Only one set of blocks is made, and the retention face would 

wear out and effect the tests if it is simply machined out in the aluminium. This influences the 

results since the friction coefficients are not the same but is deemed as enough for initial tests. 

The steel bushings are also used to test different hole sizes without having to machine several 

blocks.  The blocks are held in place with a locking screw so that both assembly and tensile load 

capacity can be tested in the testing machine.  

Figure 58. Section view of the prototype assembly.  
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4 RESULTS 

In this chapter the design and construction of the physical prototypes are presented. Design and 

results of the tests conducted on the prototypes are also presented.   

4.1 Physical Prototype Construction and Test Setup 

Figure 59 below shows an overview of the physical prototype.  

Figure 59. Physical prototype overview.  
 

The initial snap sprints are machined from round rods are shown in figure 60. The left snap is 

made in aluminium 7075, the middle is made in PC and the right snap is made in PEI. 

Figure 60. Physical prototypes of the snap sprints. 
 

The rubber distances used for of the physical prototypes are regular rubber O-rings with a shore 

A hardness of 70. They have an inner diameter of 8 mm and a cross-section diameter of 2 mm. A 

softer rubber and a different cross section design will not be investigated within the thesis project 

and is defined as future work. The compression is controlled and varied during the tests by 

adding a distance between the two blocks to achieve a compression of 25% of the gasket when it 

mounted and not loaded.  
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The steel bushings inserted into the heatsink block hole has the same height and outer diameter. 

They are used to be able to test different hole sizes. The bushings have different inner diameters 

and the bushings used in this project has an inner diameter of 8 to 9 mm with steps of 0,1 mm. It 

is made in steel and has a rounded insertion edge on one side and a non-rounded edge on one 

side. The non-rounded side is the side the snap retaining face pushes against when mounted.  

 

The tensile and pressure tester has a working range of 0-2000 N and a precision of 2 N. The 

speed range of it is 0-100 mm/min and can be set with a precision of 1 mm/min. The tester can 

both be used in tension and in pressure. It has one degree of freedom and measures the maximum 

force during each run. It cannot log the force curve during the run.  Figure 61 shows the blocks 

mounted in the testing machine.  

Figure 61. The aluminium blocks mounted in the testing machine. 
 

The filter block is mounted to the left on the moving part of the machine. The heatsink block is 

mounted on the load cell which is stationary.  

 

The different parameters that influence the tests and results are listed below, as well as how they 

are treated and controlled.  

 Bushing inner diameter. Tested and selected based on difficulty of manual assembly.  

 Leg length of snaps based on FEA analysis. Other leg lengths are not investigated in this 

first iteration and is defined as future work.   

 Rubber distance compression is held constant and is set to 25%. 

 Tensile tester speed is set to 50 mm/min for all tests and the effect of different speeds is 

not investigated in this thesis.  

 The snaps are manually assembled, meaning the assembly speed might vary.  

 The dimensions of the physical prototypes are measured and deviations from the 

dimensions in the CAD-model are compensated for. The snap has a 0,5 mm longer 

distance than the block assembly between the snap head and snap retention face. This is 

measured using a caliper and is compensated for by adding this distance between the 

blocks when fastened to the tensile tester. 

 The testing order is not randomized, first all PC snaps are tested followed by all PEI 

snaps and lastly all the aluminium snaps are tested. The aluminium snaps are assumed to 

damage the blocks when assembled by scraping them and are tested last for that reason.  
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A total of 18 prototypes are made, 6 of each material. One prototype of each material is used to 

determine the inner diameter for the bushings based on assembly and disassembly difficulty and 

to determine how easy it is to mount a rubber distance on the snap. They are also used to see if 

the legs on the snaps break or not simply due to assembly and disassembly without being loaded.  

5 of each snap is then tested in the tensile tester.  

4.2 Physical Prototype Tests and Results 

Bushing inner diameters between 8 and 9 millimetres are tested. It is concluded that 8,4 mm is 

the smallest diameter for the aluminium snaps that is not too difficult to assemble manually. 8,2 

mm is determined to be the smallest diameter to be used for the PEI and PC snaps. A smaller 

hole diameter means a larger retaining contact area. Plastic deformation is investigated by 

measuring the snap diameter at the retaining faces using a calliper before and after assembly. No 

plastic deformation occurs, however more exact measurements need to be conducted to get better 

accuracy.  

 

Figure 62-65 shows a test run of a PEI snap in the testing machine. In figure 62 the snap inserted, 

and the machine measures the assembly force. In figure 63 the snap is assembled between the 

blocks and the maximum assembly force is noted. The machine is then reset which means that 

the force value is set to zero. After that the tensile movement is started. Figure 64 shows the 

filter block moving to the left with a speed of 50 mm/min. Figure 65 shows the manual removal 

of the snap from the filter block.  

Figure 62. Manual assembly of snap. 

Figure 63. Snap assembled.  
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Figure 64. Tension loading of snap. 

 

Figure 65. Manual removal of snap. 

 

All snaps are tested three times in a row. A table of all results are shown in appendix G. The first 

run is the one that is really of interest. Table 15 shows the insertion force and tensile load 

capacity for the snaps. The runs are made without a locking sprint. As mentioned the testing 

machine can pull and push up to 2000 N. If this is exceeded the tensile tester just stops and is 

reversed.  
Table 15. Test results. 
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The insertion force for the PC snaps is fairly and they are easy to manually assemble with a 

mean insertion force of 50 N. The PEI snaps have higher insertion forces but are still easy to 

assemble with a mean insertion force of 79 N. The aluminium snaps have high insertion forces 

and are harder to manually assemble with a mean insertion force of 121 N.  

 

When it comes to tensile load capacity the PC snaps have a mean value of 182 N and a worst-

case value of 148 N. The PEI snaps have a mean value of 312 N and a worst-case value of 244 

N. All aluminium snaps but one carries more load than the machine can provide, the worst-case 

value is 1896 N. More tests need to be conducted for statistical significance. In appendix G it is 

apparent that the load carrying capacity for the snaps is a lot less for the second and third runs 

and damage can be seen on the snap retaining faces.  

 

After the runs without a locking sprint have been made one PC snap and one PEI snap is tested 

in tension using a 4 mm locking sprint jammed between the snap legs from below. One PC and 

one PEI snap is also tested in tension with a 3 mm locking sprint between the snap legs. The 

locking sprints used are simply steel Allen keys. The distance between the snap legs is 3,4 mm 

which means the 4 mm locking sprint jams between the legs and pushes them out against hole in 

the steel bushing. The 3 mm is loose when the snaps are unloaded but as the legs start bending 

together when loaded it is jammed. Figure 66 below shows the 4 mm Allen key inserted for a 

tension loading test run.  

Figure 66. Allen key used as a locking sprint. 

 

Table 16 below shows the test results from runs with locking sprints. The aluminium snaps are 

not tested since they exceeded the maximum force of the testing machine even without a locking 

sprint. One important note here is that the snaps used for the tests with a locking sprint have 

already been tested without a locking sprint and hence are slightly weakened from that.  

 
Table 16. Test results with locking sprints. 
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The PC snaps break with both a 3 mm and a 4 mm locking sprint. The PEI snap breaks with a 3 

mm locking sprint and does not break with a 4 mm locking sprint. Figure 67 and 68 shows the 

snaps after break and how they have deformed plastically.  

Figure 67. Plastic deformation of snaps with a 3 mm locking sprint. 

 

Figure 68. Plastic deformation of snaps with a 4 mm locking sprint. 
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5 DISCUSSION AND CONCLUSIONS 

In this chapter a discussion is presented, conclusions are drawn based on the information 

gathered and results from models and tests made in the project.  

5.1 Discussion 

The RSS-method is used for the tolerance calculations which means that normal distribution is 

assumed for all dimensions. To increase the accuracy of the calculations the process capability 

indexes of the different machines and processes used in the machining and production of the 

products could be measured. These indexes could then be used in the calculations to come closer 

to reality. Preferably the distributions should be based on physical measurements but the normal 

distribution assumption in combination with the safety factor applied is deemed as conservative 

and enough for this project.  

 

The wind load calculations have been made using dry air at 20℃ at 1 atmosphere pressure. Since 

the enclosure is subjected to outdoor conditions all over the world this is a rough estimation. The 

wind speed is defined as 67 m/s which simulates a storm. Having dry air and 20℃ might be 

considered rather unlikely during a storm. However, the difference in air density does not change 

a lot for different conditions and has a low effect on the difference in wind load. The density 

used is the one commonly used and with the safety factor applied to the calculation it is deemed 

to be enough. Another factor to consider when doing the wind calculations is the drag 

coefficient. This is set to 1 in this project but could be established in detail using FEA or physical 

measurements to give a more accurate value.  

 

The safety factor selected for the dimensioning load is an estimation based on discussions with 

experts at Ericsson. It is based on the assumptions made when estimating the different loads. The 

safety factor could be determined more in detail using for example the Norton safety factor 

model or a similar model. 

 

Passive intermodulation was in the beginning of this project defined as a limitation. As the 

project went on completely ignoring the passive intermodulation turned out to be impossible 

when generating and evaluating concepts. Ericsson experts made estimations and assumptions 

based on experience for the concepts generated on passive intermodulation. To further 

investigate this matter physical prototypes are needed. The conclusion was that this would only 

be estimated based on experience at Ericsson and not investigated in detail by the author.  

 

Ericsson conduct vibration tests and simulations of the entire product, this is a logical next step 

in the development of the concept. The vibration analysis was not made in this first step of the 

further concept development as it was highly dependent on chosen concept. The product was 

assumed to act as a single body when the concepts generated where stiff. Prior to the concept 

development it was agreed that static load carrying capacity was a priority. Now that the snap 

sprints have been developed and tested a vibration analysis of a complete product prototype is of 

interest.  

 

The electrical conductivity in the connectors between the two halves are assumed to be enough 

as grounding between the two enclosure halves in case of a lightning strike. This is a knowledge 

gap and is something that needs to be further investigated. If it turns out that the conductivity in 

the connectors is to low the material selection and clamping pressure of the snaps needs to be 

designed more in detail. An alternative to selecting a material that provides similar grounding as 
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the existing screws would be to have springs inside the enclosure that are compressed by the 

joint and provides enough conductivity.  

 

By setting the weights on all the criteria in the Pugh’s evaluation matrix to 1 glue is the concept 

that gets the highest score and the snap-fit concepts gets the lowest score. Hence the result from 

the Pugh’s matrix is sensitive to the weights applied to the different criteria. This is something to 

have in mind since the weights are based on a subjective discussion with experts.  

 

One important criterion in the concept evaluation is the disassembly complexity and time. If the 

products in fact never get disassembled and repaired this criterion is not needed and opens for a 

lot of cheap and simple joint principles to be used. Concepts like epoxy-glue, welding or riveting 

might be interesting if this is the case. Data on how many products are repaired out in the field 

before replaced and scrapped due to age are needed to evaluate this. Economical aspects are 

dimensioning here, hence this was not investigated in this project, but it is still worth a mention.    

 

One big advantage of using snap-fit over screws is that the human factor is reduced in the 

assembly. This is something that rivets also eliminate. Especially interesting for this application 

are blind rivets. They are assembled vertically from above, from one direction only and are more 

cost effective in assembly than screws. They are more complex to remove since they need to be 

drilled and stamped out when the joint is disassembled. However, their weight and use of space 

is small which is important in this project. Initially they where deemed to strenuous to remove 

but with the results from this project they are of interest. For galvanic corrosion reasons 

aluminium rivets are preferable in this case and this is something that can be further investigated. 

Judging by literature it seems like physical tests of rivets are needed to estimate load carrying 

capacity since they plastically deform when assembled and might have a large variation in load 

carrying capacity. 

 

A lot of modifications are needed on the reference product geometry to get the further developed 

concept to work. Comparing the load carrying capacity of the screws in the frame of reference 

and the gasket loads from the joint analysis the amount of screws can be reduced when it comes 

to static loads. This could be done with very little modifications to the surrounding geometry of 

the joint. The amount of screws could be lowered to 4 instead of 15 based on the joint analysis. 

There are as with the other concepts more factors that are important to consider however such as 

vibrations and conductivity. Since the purpose of this project was to eliminate screws completely 

this was not investigated but it is worth noting.     

 

The physical tests made in this thesis can be improved in several areas to come closer to reality 

in the next iteration of tests. The results from the tests show the potential in snaps both with and 

without a locking sprint. The amount of plastic snaps needs to be increased on the joint or their 

load carrying capacity needs to be increase. A PIM analysis needs to be conducted on the 

aluminium snaps. Based on the load carrying capacity results they seem to do the job, but the 

uncertainty of PIM problems is the really the next big question.  

 

Ideally tensile loading tests are conducted between two die cast aluminium blocks. Due to time 

and economical constraints the simplifications were made, and the test setup is deemed enough 

for the first iteration which had the purpose of getting a first feel of the potential in snap-fit 

sprints. One of the things to consider are a decreased leg length of the snaps, another is the 

rubber distance design and material.  

 

The amount of snaps tested should be increased. The snaps have been assembled and 

disassembled horizontally rather than vertically as they would in a production line. This is 

something that needs to be tried out as well. The snap design turned out to easy to assemble and 
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disassemble manually based on the physical prototypes. However, investigations on automatic 

assembly methods for them needs to be made.  

 

Several knowledge gaps are identified during the thesis project and are discussed. A summary of 

them is listed in bullet form below.  

 

Knowledge gaps identified during the project: 

 What electrical conductivity is needed between the two enclosure halves for grounding 

purposes?  

 Does the radial IP-gasket concept work in reality? This could be investigated by doing 

physical tests.  

 Can fingerstock EMC-gaskets be used in the products or are there any other radial EMC-

gasket concepts that could be of interest?  

 Do we really need to disassemble to joint? This could be investigated in a yield study. 

 Are blind rivets a preferable concept for the joint?  

  



 68 

5.2 Conclusions 

The screw joints in the reference product has been identified and one of them has been further 

investigated using a bottom-up approach, this is presented in the frame of reference and 

implementation. A state of the art of existing principles has been made and is shown in the frame 

of reference. How these principles could be implemented in the chosen joint has been shown. 

With the requirements and criteria stated in this project, snap-fit is the preferable concept for the 

joint. A summary of the knowledge gaps identified is listed in the end of the discussion sub-

chapter.  

 

The developed concept and ideas for the redesigns of the surrounding geometry has the potential 

to reduce weight, size and assembly time for the radio. They can be generalized by having the 

potential of being applied to other products within the Ericsson portfolio.  

 

Further investigations regarding fatigue life and vibrations need to be conducted on the joint. To 

optimize the load carrying capacity of the developed concept, more design and test iterations 

need to be made. The tests conducted is a first step and shows the potential in using snap sprints 

instead of screws for the enclosure. To draw any further conclusions on the joint more tests and 

further analysis is needed on both the concept proposed and the knowledge gaps that has been 

identified.  

 

If the assembly and disassembly time could be reduced for the products, costs could be reduced 

in the mass production of the product as well as down time when it is being repaired. A design 

that is not as intrusive can be achieved by using snap sprints instead of screws.  
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6 RECOMMENDATIONS AND FUTURE WORK 

In this chapter recommendations for future work are listed. 

6.1 Recommendations 

The next step in the further development of the snap sprints would be to make molded versions 

of the physical prototypes. A shorter leg length of the snaps could be tested to increase load 

carrying capacity. These and several aluminium blocks could be made to make a larger number 

of tests to achieve statistical significance in the results regarding load carrying capacity of the 

snaps.  

 

Rubber distances under the snap sprint cap with a lower Shore A hardness than the one used in 

these initial tests should be investigated. A softer rubber distance would mean less creep forces 

on the snaps. The height and cross section design of the rubber distance should be further 

investigated and optimized with respect to compression needed. Ideally it is as low as possible 

while still making sure the snaps do not rattle if the enclosure is vibrated. Phenomena such as 

compression set and the effect of temperature changes over time should be investigated.  

 

An analysis of the effect of vibrations on the joint needs to be made by doing models and testing 

of a physical prototype of the enclosure.   

6.2 Future Work 

Presented below is a list of potential future work in bullet form.  

 Physical prototype of the radial IP-gasket solution to see if any issues occur during 

assembly and establish what kind of forces are needed for assembly and disassembly of 

the enclosure.   

 Make physical prototypes and tests of the ideas generated for using radially compressed 

EMC-gaskets.  

 Further investigate the electrical conductivity needed between the two enclosure halves.  

 Make PIM measurements of a physical prototype of the entire enclosure.  

 Investigate the concept of using blind rivets to assemble the joint. 

 Further investigate ideas and concepts with respect to assembly automatization.  

 Look into cost estimations of the ideas and concepts generated to evaluate if they are 

realizable and reasonable for this or any other product within the portfolio compared to 

existing solutions used.  
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APPENDIX A: GANTT CHART 

This appendix shows the project plan in a Gantt chart that contains the different phases of the 

project and important project gates.  

Table A. Gantt chart. 
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APPENDIX B: RISK ANALYSIS 

This appendix shows the risk assessment table and risk matrix that was made to visualize risks 

and plan for them.  

Table A. Risk assessment table. 

 

Table B. Risk matrix of the project. 
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APPENDIX C: DIE CAST ALUMINIUM SNAP-FIT 
ANALYSIS 

This appendix shows pictures from the beam bending finite element analysis as well as results 

from regular cantilever beam calculations of the die cast aluminium snaps concept.  

Figure A. Aluminium snap geometry (dimensions in mm). 

Figure B. Bending load case supports in the finite element analysis. 
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Figure C. Deformation. 

 
 

Figure D. von Mises stress. 

 

Figure E. Elastic strain. 

 

Table A. Values from regular cantilever beam calculation formulas. 

i 
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APPENDIX D: POLYCARBONATE DOUBLE SNAP 
ANALYSIS 

This appendix shows pictures from the beam bending and tension loading finite element analysis 

with corresponding convergence analysis graphs as well as results from regular cantilever beam 

calculations for the polycarbonate doublesnap.  

Figure A. Double snap geometry (dimensions in mm). 

 

Figure B. Bending load case supports in the finite element analysis. 

Figure C. Bending load case deformation. 

 

i 
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Figure D. Bending load case von-Mises stress.  

Figure E. Bending load case elastic strain. 

 

Table A. Values from regular cantilever beam calculation formulas.  

 

Figure E. Bending load case convergence analysis. 

 

 

ii 
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Figure E. Tensile load case   

 

Figure E. Tensile load case deformation.  

 

Figure E. Tensile load case von-Mises stress. 
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Figure E. Tensile load case elastic strain. 

Figure E. Tensile load case convergence analysis. 
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APPENDIX E: INTERFERENCE FIT CALCULATIONS 

This appendix shows pictures from the interference fit calculator used to dimension the 

interference fit concept.  

Figure A. Maximum interference calculations with a diameter of 6 mm. 

 

Figure B. Maximum interference calculations with a diameter of 18 mm. 
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APPENDIX F: SNAP SPRINT FEA ANALYSIS 

This appendix shows pictures from FEA of the bending of the concept when assembling it. It also 

shows convergence analysis graphs for the further design concept made in polycarbonate and 

aluminium 7075.  

Figure A. Supports, displacement applied and stress for the polycarbonate snap sprint.   

 

Figure B. Elastic strain and total deformation for the polycarbonate snap sprint.  

Figure C. Convergence analysis of the polycarbonate snap sprint FEA-model.  

i 
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Figure D. Supports, displacement applied and stress for the aluminium 7075 snap sprint.   

 

Figure E. Elastic strain and total deformation for the aluminium 7075 snap sprint.  

 

Figure F. Convergence analysis of the aluminium 7075 snap sprint FEA-model. 
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APPENDIX G: PHYSICAL PROTOTYPE TEST 
RESULTS 

This appendix the results from all the test runs on the snaps in the testing machine. The snaps 

are tested 3 times each.  

Table A. Physical prototype test results.  
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