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Abstract 

Within the telecommunication business there are a lot of different hardware designs 
made for outside locations. Many of these outdoor products contain sensitive electronic 
equipment and all of these designs must be able to function in extreme environments. 
They might be mounted on the ground, on a wall or on masts at varying altitudes. They 
need to be enclosed and protected against blizzards, moisture, sandstorms, earthquakes, 
dust and similar contaminations or nature phenomena in order to assure a reliable and 
proper function of the device. 

To delimit this thesis the focus is completely set on outdoor enclosures with hinged 
doors. The sealing solution for the enclosure door is crucial because it is the weakest 
link in the environmental protection. The aim with this thesis is to find a robust yet 
versatile sealing solution for Ericsson outdoor cabinets.  

The sealing solution does not only concern the gasket design, it is in fact the entire 
principle when it comes to seal the door. Interesting features are choice of locking 
system, the positions of the hinges and other details which might affect the sealing of 
the enclosure door. 

The project includes the whole product development process from pre-study to concept 
development and evaluation of proposal design. The pre-study contain extensive 
literature research, benchmark and a state of the art investigation. A number of concepts 
are generated, screened, compared and ranked with systematic concept development 
methods. At last, one final concept is selected for further development. The chosen 
sealing solution is refined and a functional model is made. A simple prototype of the 
sealing solution is designed, manufactured and tested to validate the functionality of the 
concept. 

An economical analysis is performed in order to approximate the manufacturing cost of 
the gasket proposed in the sealing solution and to compare the unit price for different 
batch sizes. The water intrusion test indicates that the solution seems promising and that 
the result is a simple and robust sealing solution that easily can be implemented on 
various enclosure types. 
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Sammanfattning 

Inom telecom-industrin finns det många typer av hårdvara som är konstruerad för att 
placeras utomhus. Många av dessa utomhusprodukter innehåller känslig elektronisk 
utrustning och alla dessa konstruktioner måste fungera i extrema miljöer. De kan 
monteras på marken, på väggar eller på master på olika höjder. De måste vara täta och 
skyddade mot snöstormar, fukt, sandstormar, jordbävningar, damm och liknande 
föroreningar eller naturfenomen för att säkerställa en tillförlitlig och korrekt funktion 
hos anordningen. 

För att begränsa detta examensarbete är fokus helt inställt på utomhusskåp med 
gångjärnsupphända dörrar. Tätningslösningen för skåpdörren är kritisk eftersom den 
utgör den svagaste länken i väderskyddet. Målet med detta examensarbete är att hitta en 
robust men samtidigt mångsidig lösning för Ericssons utomhuskabinet. 

Tätningslösningen handlar inte enbart om packningsutformningen utan den täcker 
faktiskt hela principen för hur dörren tätas. Intressanta delar är val av lås-lösning, 
placeringen av gångjärnen och andra detaljer som kan påverka tätningen av 
skåpsdörren. 

Projektet behandlar hela produktutvecklingsprocessen från förstudie till 
konceptutveckling och utvärdering av föreslagen konstruktion. Förstudien innehöll en 
utförlig litteraturstudie, en ”benchmark” och en ”state of the art” undersökning. Ett antal 
koncept genererades, kontrollerades, jämfördes och rankades med hjälp av systematiska 
konceptutvecklingsmetoder. Till sist valdes ett slutgiltigt koncept ut för vidare 
utveckling. Den valda tätningslösningen förfinades och en funktionsmodell byggdes. En 
enkel prototyp av tätningslösningen konstruerades, tillverkades och testades för att 
validera funktionen hos konceptet. 

En ekonomisk analys utfördes för att uppskatta tillverkningskostnaden för den 
föreslagna packningen i tätningslösningen och för att jämföra enhetspriset för olika 
seriestorlekar. Ett vattentäthetstest visar att lösningen verkar lovande och att resultatet är 
en enkel och robust tätningslösning som på ett enkelt sätt kan implementeras på olika 
skåpstyper. 

 

Nyckelord: Packning, Tätningslösning, Produktutveckling, Utomhusskåp, 
Konstruktion, Utomhus 
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1 Introduction 

This chapter will give the reader an insight into the company Ericsson AB and a basic 
introduction to telecommunication. Furthermore the background, delimitations, aim 
and methods used to carry out this thesis will be explained in this section. 

1.1 A brief history of Ericsson AB 

In 1876 a man called Lars Magnus Ericsson, figure 1, opened a mechanical engineering 
shop in Stockholm. Across the Atlantic Ocean, in the United States, another man whose 
name was Alexander Graham Bell filed a patent request for a device known as a 
telephone. Bell’s invention became very important for Mr. Ericsson and the evolution of 
his company.  

 

 

Figure 1. Lars Magnus Ericsson 

In Sweden at that time the development of the railway net was moving with good pace 
and the telegraph was the number one product used for long distance communication. L. 
M. Ericsson soon started to sell self designed telephones and the main customers were 
railway companies and the Swedish postal and telecommunication agency Televerket. 

During the last century the company has evolved and new products have been 
developed as the telecommunication technology has become more advanced. 
Telephones, analog telephone switchboards, digital switchboards, radio base station and 
mobile telephones are all important products and milestones in the company’s history. 

Today, Ericsson AB is a global corporation with more then 70.000 employees 
worldwide and holds a leading position within many business areas. Ericsson AB is one 
of the few companies on the market that can offer complete end-to-end solutions for all 
the largest mobile telecommunication standards. 
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1.2 Telecommunication 

The word telecommunication is defined as “communication over great distance” 
according to the encyclopedia Nationalencyklopedin [1]. Many of the early 
telecommunication ideas originated from the need to communicate in war zones. Some 
examples of these ancient ways of remote communication are carrier pigeons, flags, 
smoke signals, drums and horns. As new technology has been invented more efficient 
ways to communicate over distance have been developed and some more recent 
examples are telegraphs, facsimiles (e.g. fax machines), telephones and mobile and 
satellite telephones. 

The basic set up for a telecommunication system is a transmitter, a physical transmitting 
medium and a receiver. The transmitter translates the information into some sort of 
signal (digital or analog) and sends it out in the transmitting medium. The transmitting 
medium might be a wire or the air. An example of wireless communication is radio 
waves traveling through the air and two examples of wire connected mediums are fiber 
optic cables or copper-wire cables. The receivers collect the incoming signal and 
convert it to useful information.  

A mobile phone can act as both a transmitter and a receiver and that kind of device is 
called a transceiver. A telecommunication system consists of many transmitters, 
receivers and transceivers and is joined together in a mobile network. The first 
generation of mobile networks was an analog standard called NMT (Nordic Mobile 
Telephony) and was introduced in 1981 [2]. The second generation, known as GSM 
(Group Spécial Mobile), came to replace the NMT network. The GSM network is 
digital and still widely used. A third generation of mobile communication standards has 
also been introduced to the market. This standard is called 3G and is based on the 
WCDMA (Wideband Code Division Multiple Access) technology. The main difference 
between the standards is the capability to send data. The latter networks can handle 
larger amounts of data and an example of that is that you are able to communicate with 
video calls in your mobile phone while using the 3G network, given that your phone can 
handle 3G applications. 

The continuously increasing demands on transmitting rate and data capacity pushes the 
technology forward and new concepts of mobile communication are always vital issues 
for companies involved in the telecom business. 
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1.3 Background 

Within the telecommunication industry there are a lot of different outdoor products. 
These outdoor products contain sensitive electronic equipment and range in volume 
from complete base stations, as large as a refrigerator and freezer, to small electronic 
boxes without any transmitting or receiving content.  

 

Figure 2. Products from the RBS 3000 family 

All of these designs must be able to operate in harsh environments. They might be 
mounted on the ground, on a wall or on masts at different altitudes. They need to be 
enclosed and protected against rain, moisture, sand, dust and similar contaminations in 
order to assure a proper function of the device. The enclosures should also be able to 
handle the internal condensation induced by temperature changes. Another important 
demand is that it should be possible to open the enclosure and gain access to the 
equipment within. The enclosure door or hatch might be either screwed on or suspended 
in some kind of hinge. 

The sealing solution for the enclosure door is essential because it is the weakest link in 
the environmental protection. The sealing solution is not only concerning the gasket 
design, it is the entire principle regarding aspects such as choice of lock, the positions of 
the hinges and other details which might affect the sealing of the enclosure door. 

1.4 Aim 

Since Ericsson manufactures a variety of outdoor applications, it is of great interest to 
develop a general solution to the sealing problem concerning hinged enclosure doors. 
Hence the aim of this thesis work is to find the optimal concept, verify the solution and 
give recommendations on how the final product can be designed. 

There is also an educational purpose with this project. The academic aim is to apply 
experience gained from the university and implement methods on an actual design 
problem.  

Another purpose with the placement, on site in the mechanical design group in 
Gothenburg, is to obtain valuable work experience while interacting with co-workers 
from different parts of the organization within Ericsson and with external suppliers. 
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1.5 Delimitations 

To delimit this thesis the focus is entirely set on outdoor enclosures with hinged doors. 
The subject of interest is the sealing solution in general and final design of specific 
components is not the aim of this thesis. 

1.6 Method 

There are a great number of product design and development methods described in the 
literature. Most of them are very similar in general and the most significant difference is 
the names of the phases in the methods. The methods used in this thesis are primarily 
based on Liedholm’s book “Systematic concept development” [3] and Ulrich and 
Eppinger theories about the development process [4]. The specific methods are 
explained in detail in chapter 3, Methodology, and the outline of the product and 
concept development methods are described below. 

1.6.1 The product development process 

Ulrich and Eppinger [4] explain the framework of the product development process in 
some fundamental stages and describe the structure in a model, figure 3. 

 

Figure 3. The product development process according to Ulrich and Eppinger 

• The first stage is the Planning phase. In this phase the foundation of the project 
is defined. Goals, delimitations and requirements are written down and the time 
limits for the activities are set. Most of the requirements and restrictions for this 
thesis work were defined in the mission statement, e.g. Ericsson’s description of 
the thesis. 

• The next step is the Concept Development phase. In this stage Liedholm’s 
theories about systematic concept development is used and applied on the design 
problem. This is described in section 1.6.2. 

• In the System level Design phase structural design, geometrical layout and 
functional specifications are stated. 

• The next stage is called the Detail Design phase and this is the phase where final 
specifications, definitive layout and material is defined. 

• The Testing and Refinement phase is where the detailed design is tested and 
evaluated. Design changes and improvements are made based on the results of 
the tests and verifications of the product performance. 
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• The last part of the product development process according to Ulrich and 
Eppinger is the Production Ramp-up phase. This is the stage where the product 
proceeds to pilot production and the production system is adapted to the product. 

1.6.2 The concept development process 

Liedholm divides the concept development process into three basic parts: 

• The first one is called “Concept phase 1, from problem to design criterion list” 
and starts with a critical investigation of the problem followed by a state of the 
art study and a benchmark of the findings from the state of the art research. The 
outcome from this first phase is a design criterion list that states all the demands 
and requirements set on the product. 

• After that “Concept phase 2, function analysis” is performed. The function 
analysis for an entire product consists of four basic steps, establish black-box 
model, set up technical principles, generate transformation systems and create a 
function means tree and/or a morphological matrix. The purpose is to identify 
what the product is designed to do and how it can be done. 

• The final step in the concept development process is called “Concept phase 3, 
establish concept”. The first step is to create concepts from the function means 
tree and/or the morphological matrix. The generated concepts are screened to 
find out if they are realistic and if they meet the requirements set in the design 
criterion list in concept phase 1. If the number of concepts is still high, an 
additional iteration of the screening phase might be suitable. The remaining 
concepts are ranked to obtain the most optimal alternatives. A handful of 
concepts are selected for further development and a preliminary layout of the 
most promising concept is the output from the concept development process. 

 

 

 



Optimal enclosure doors – Design and Evaluation  Theory 

_____________________________________________________________________________________ 

 6 

2 Theory 

This chapter will provide the reader with the required background theory to assimilate 
the content of this thesis. 

2.1 Static and dynamic seals 

Mäki [5] and Brown [6] divide seals into two main categories, static- and dynamic seals. 
According to Mäki and Brown dynamic seals are the sealing element in applications 
with moving parts as for example a seal in a hydraulic cylinder. Furthermore Mäki and 
Brown state that static seals are sealing elements that prevent leakage between parts that 
are fixed relatively to each other when the sealing is active. That makes an enclosure 
door an example of a static seal because, although the door can be opened, the sealing is 
in fact static when the door is closed. 

2.2 The FIPFG-process 

The FIPFG (Formed-In-Place Foam Gasket) process is a method used to dispense an 
elastomer foam gasket to a surface. The biggest differences between a traditional 
extruded gasket and a dispensed gasket are that the FIPFG has a half circle shaped 
profile and that no extra joints or adhesives are needed because of the fact that the 
gasket attach to the surface at once while dispensed. The first step of the process 
according to the American company 3M [15] is to dispense the viscous foam onto the 
part using a programmable dispensing machine that can translate in the x- and y-
direction. A 3-axis robot can also be used if the desired gasket surface also varies in the 
z-direction. The gasket geometry can be modified by changing the dispense parameters 
such as nozzle speed, altitude from substrate and nozzle size. When the foam is applied 
to the substrate the next step is curing. The curing is when the foam becomes more rigid 
and expands in volume. The curing time and temperature sets the mechanical properties 
of the gasket. 

The German company Sonderhoff applies a slightly different approach than 3M. The 
Sonderhoff FIPFG-process includes a sophisticated mixing head with ability to intermix 
up to three different components instead of one pre-mixed substance as in the 3M 
process. The properties of the foam gasket are decided by the mixing ratio of the 
involved ingredients. The Sonderhoff mixing head also perform an advanced self-
cleaning procedure based on a patented high pressure water rinse to obtain high quality 
according to Edvin Tjernlund [22]. 
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Figure 4.  A simplified description of a FIPFG process. The pointer indicates the 
translation direction of the nozzle in this snapshot  

According to Dr S. Baron von Ceumern-Lindenstjerna [9] the benefits with the FIPFG 
process are many. He states that some of the advantages are ideal fit, low material cost, 
seamless gasket design with no joints and very good seal recovery properties, e.g. how 
good the seal is to recover after compression 

2.3 IP-classification 

The Ingress Protection-classification test for enclosures was developed by the 
International Electrotechnical Commission, IEC, and is defined in the global standard 
IEC 60529 and later also in the Swedish standard SS EN 60529. 

The IP scale states a minimum level of resistance against ingress of foreign solid 
material, the first digit in the IP-code, and the degree of protection against water is 
stated by the second digit. The different levels of protection vary from “no protection” 
to completely dust- and watertight. 

The SP Technical Research Institute of Sweden [16] performs the official IP test of 
enclosures in Sweden and Appendix A illustrates the different levels of protection in 
detail. 
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2.4 The espagnolette locking principle 

The espagnolette locking principle is a clever solution to get additional locking points 
and consequently obtain an improved distribution of the closing pressure. Visualize a 
patio door or a traditional window. When the handle is turned some kind of rod or bar 
translate vertically and the end sections slide into sockets to secure the locking of the 
door or window. Figure 5 illustrates the movement of the rods. The upper cabinet is in a 
locked position and the lower example displays the locking system in an open state. 
This locking principle is widely used on enclosures and electric equipment cabinets. 

 

 

 

Figure 5. The espagnolette locking principle 
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3 Methodology 

This chapter describes the methods used in this thesis and in the end some criticism of 
the methods. 

3.1 Pre-study and planning 

In the start-up phase of the project at lot of time was appointed to gain understanding of 
the problem, telecommunication technology and the business in general. A Gantt chart 
was established to keep track of the type and duration of the concurrent activities in the 
project. A report outline was prepared to define the structure of the report and to obtain 
an overview of the entire project. A thesis diary was introduced to document important 
events. 

3.2 Critical investigation of the problem 

To gain knowledge of the core problem, the issue was thoroughly reviewed from 
different angles. According to Liedholm [3], five questions should be answered. 

 

• What is the problem? 

• Who has the problem? 

• What is the purpose? 

• What potential side effects should be avoided? 

• What is the delimitation? 

3.3 State of the art and benchmark 

To increase the understanding of the different technical solutions already present on the 
market a state of the art study is performed. The first step in the study is to collect 
information from books and the internet regarding existing sealing solutions in various 
engineering disciplines. The advantage of including other engineering fields is to find 
inspiration for new design ideas and discover new approaches to the problem. 

When a sufficient quantity of information is gathered, the similarities and differences 
are benchmarked and evaluated to clarify the findings from the study. 
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3.4 Design criterion list 

In order to verify that the final solution will meet the demands and requests set by 
Ericsson, the end user and applied standards a design criterion list is established. This 
list is based on the pre-study, benchmark and problem investigation and states if certain 
requirements are demands or requests. Demands are non negotiable requirements and 
the requests are wishes. 

3.5 Brainstorming 

Brainstorming is a creative method used to generate a large number of ideas. It consists 
of a group of people and a designated leader. According to Pahl and Beitz [8] the group 
should contain between 5 and 15 people with the leader included. It is a great advantage 
if the members of the group have different background knowledge and fields of 
expertise. Furthermore they state that the leader should take care of the organizational 
problems like for example invitation, composition of the group, duration of the session 
and evaluation of the potential solutions. According to Pahl et al. there are a few rules to 
consider concerning the procedure for maximum output of the session. These 
fundamental guidelines are described below. 

• All group members must try to get rid of all their preconceptions and avoid 
refusing ideas as impossible, silly or meaningless. 

• No participants may condemn ideas that are suggested, e.g. no criticism is 
allowed, not even self criticism. 

• All ideas, considered substantial enough, should be documented. 

• The practical feasibility should not be considered at this early stage. 

3.6 Black box model 

The objective with the black box model is to define the main function, operator, inputs 
and outputs in a systematic way. The black box model can preferably be described with 
a simple example, displayed in figure 6. 

 

Figure 6. An example of the black box model 
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In the example illustrated in figure 6 the operator is the paint. The input and output 
described what transformation the operator is subjected to. In this case the input and 
output are based on placement, e.g. where is the paint? The input is paint in bucket and 
the output was paint on wall. The main function is “paint door” and is later broken 
down into sub functions. 

3.7 Function/means tree 

According to Krus [10] the FM-tree is a synthesis tool where concepts are established in 
a systematic way. The purpose with a function/means-tree is to establish technical 
principles that solve the problem and then sub-functions that realize the main function 
and also to define the alternative means, e.g. possible solutions to the sub-functions. The 
result is a map that illustrates different promising concepts. The basic structure is 
described in figure 7. The grey function- and mean-boxes in the figure display the 
chosen concepts. The main function originates from the black box model. The functions 
describe what should be done and the means, on every other level, answer the question, 
how could it be done? 

 

Figure 7. An example of a function means tree 

3.8 Morphological matrix 

The morphological matrix is a method used to demonstrate and categorize the lowest 
means in the function means tree. The purpose is the same as for the function/means-
tree, to create concepts that solve the problem defined in the main function. The 
structure of the matrix is displayed as an example in figure 8. 

Function  Means  

Keep boat floating Single hull Catamaran hull   

Change course Rudder Propeller tilt Muscle power  

Move boat Sail Jet stream Propeller Oar 

Figure 8. An example of a simple morphological matrix for a boat 
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3.9 Pugh’s relative decision matrix 

Pugh’s relative decision matrix is a method to screen concepts by comparing them with 
a reference concept. It is preferred if the reference concept is an old existing solution. A 
number of selection criterions are formed based on the design criterion list. According 
to Johannesson, Persson and Pettersson [7] each concept should be evaluated by 
comparing all of the criterions against a reference. If a concept is considered stronger in 
one of the listed criterion a ‘+’ is noted in the matrix. If the evaluated concept is equal a 
‘0’ is noted and finally a ‘-‘ is entered if the concept is considered worse in that criterion 
as shown in the example in figure 9. The sum of the ‘+’, ‘-‘ and ‘0’s is calculated and 
the result is displayed in the matrix. The outcome of the matrix is a recommendation 
considering if the concept should be developed further or not. Sometimes a couple of 
iterations might be necessary in order to acquire an adequate number of concepts to 
proceed with.  

 

Figure 9. An example of Pugh’s relative decision matrix 

3.10 Kesselring’s method 

The top ranked concepts from the screening phase proceed to a scoring phase. 
Kesselring’s method is a decision supporting technique that evaluates how near an 
optimal concept the remaining concepts are by comparing them on specific pre-defined 
criterions. 

The criterions need to be weighted and one approach to solve that is to use pair wise 
comparison. Pair wise comparison is described below in section 3.11. The outcome of 
the weighting is that the criterions are given a value between 1 and 5. The result from 
the weighting can be found under the w-column in figure 10. The values in the v-
column reflects how near the concept is to the optimal concept for each corresponding 
criteria. The t-value is simply the weight, w, multiplied with the v-value. The sum of the 
t-values for a specific concept gives the total score. The total score of a specific concept 
is divided with the total score of the optimal concept and a comparable quota is then 
obtained. The concepts are ranked based on these quotas [7]. 
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Figure 10. An example of the Kesselring method 

3.11 Pair wise comparison 

A systematic procedure to assign relative importance to the criterions used in for 
example Kesselring’s method, is pair wise comparison. The basic idea is to compare 
each criterion to all the others, one at the time, and decide if the criterion in the left 
column is more important than the criteria written vertical. If that is the case a ‘1’ is 
noted in the cell where the row and column meet. If the criterions are considered equally 
important, they share the point and ‘0,5’ is entered in the table. The final alternative is if 
the vertically written criterion is considered more significant than the one in the left 
column, this scenario generates a ‘0’ in the corresponding cell in the table. The sum of 
each criterion’s pair wise comparison is calculated and the criterions are weighted based 
on this comparative number [7]. The requirement ‘Compact’ is consider more important 
than ‘Environmental barrier’ and equally significant as the criterion ‘Flexible solution’ 
in the example of pair wise comparison illustrated in figure 11.  

 

 

Figure 11. An example of pair wise comparison 
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3.12 FMEA 

FMEA (Failure Modes and Effects Analysis) is a method designed for analysis of 
potential failures, related consequences and how to avoid these destructive effects. The 
first step is to identify possible errors. For each specific error mode an evaluation is 
made concerning the possibility for the failure to occur, the chance to discover the 
malfunction and the consequences that the error might bring. These three factors are 
assigned values from 1 to 10.  

• Failure possibility 

1 = very small failure possibility 

4 = some failure possibility 

10 = high failure possibility 

• Severity 

1 = negligible 

4 – 6 = pretty severe error, deteriorated functionality 

10 = very severe failure that effects safety or violates legal regulation 

• Possibility to NOT identify the failure 

1 = the failure is almost certainly discovered 

4 – 6 = the failure might be discovered 

10 = the failure is very hard to become aware of 

These factors are multiplied and the product is called RPN (Risk Priority Number). The 
RPN helps to prioritize where the improvement measures should be implemented first. 
The result is often compiled in a document similar to the example in figure 12. When 
the suggested actions are carried out, another round of FMEA is performed and the 
desired result is that the new RPN value should be lower than the first RPN [7]. 

 

Figure 12. An example of FMEA 
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3.13 Criticism of the methods 

Most of today’s product development methods are designed for complete products. The 
sealing solution is only a sub-system of the complete outdoor enclosure and some of the 
methods have to be optimized for this specific case. 

The morphological matrix doesn’t contain information about functions and means high 
up in the tree structure. This problem can be solved by using a FM-tree as a complement 
that describes the functions and means in the highest system level and let the 
morphological matrix display the lower, more detailed levels. 

The case with a large number of potential solutions and limited possibility to compare 
concepts is a dilemma that is common in the field of product development. It is 
important to find a healthy balance between these two, depending on the specific design 
case and the project time available. 

Many of the methods used while comparing and ranking concepts are subjective and 
that is often hard to get around. It is of great importance that the designer tries to 
approach the task with as much objectivity as possible. One way to increase the 
objectivity is to ask others about their opinions and reflections. 

Some drawbacks with FMEA are that the method is based on subjective assessments of 
risks and effects. The method doesn’t consider coupled errors and chains of failure 
modes. Some people also think that FMEA is too theoretic and time consuming. The 
biggest advantage is that FMEA enables prioritizing of rapid and accurate efforts to 
avoid severe and expensive failures [7]. 

In reality, there are hardly any design engineers or product developers who use all of the 
methods used in this thesis because of the constant time pressure and high development 
pace in actual projects. Many senior engineers use their experience instead of systematic 
design methods. It is therefore important to have a good basic knowledge about the 
methods, ability to prioritize and wisely use the most suitable method for a specific 
problem. 
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4 Concept Phase 1, from Problem to 
Design Criterion List 

The purpose with concept phase 1 is to transform the problems to a design criterion list. 
This chapter defines the function and problems with enclosure sealing and performs 
benchmarking on some existing sealing solutions from different engineering fields. In 
the end the requirements and design specifications are stated in a design criterion list. 

4.1 The sealing function 

The main objective for the sealing solution is to achieve a sufficient environmental 
barrier in the gap between the enclosure housing and the door. It should prevent harmful 
contaminants to enter the enclosure and damage the sensitive components within. 

4.2 Critical investigation of the problem 

When seals fail and become unable to prevent leakage into the enclosure the damage 
can be extensive. In this section the potential problems are discussed. 

4.2.1 What is the problem? 

According to Mägi [5] et al. there are four major problems with static elastomer seals in 
general: 

1. Damage on seal surface and/or assembly error 

2. Loss of initial compression of the seal profile 

3. Scratches from machining causing creep-leakage or co-operate with micro-
movements and set off hydro dynamic flow transport through the seal 

4. Micro-movements in the sealing contact area due to vibrations and/or pressure 
pulsations which turn the static seal into a dynamic seal. 

Furthermore Mägi states that problem 1 and 2 can and should be considered and solved 
on an early design level but that the two later problems often are much harder to predict 
and require more experience of the sealing environment. 

To achieve an effective static seal with zero leakage, there are two essential statements 
that need to be fulfilled according to Brown [6]. Firstly, the seal has to be elastic enough 
to sink into and fill up all irregularities in the surface to be sealed. Secondly, the seal has 
to be firm enough to resist floating into the narrow opening between the surfaces when 
the compressive pressure is applied. Brown also states that it is of great importance that 
the balance between these requirements is lasting. 
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Brown means that when the seal is compressed, the resilient flow is created by the 
closing force and contact pressure is preserved as a result of stored elastic energy 
throughout the whole seal. Brown pinpoints three problems that might lead to degraded 
sealing performance due to loss of contact pressure: 

1. Stress relaxation in the seal material. 

2. Different thermal expansion coefficients for the seal and for the mating surface. 

3. Deflection of the mating surface. 

Over-compression is another potential problem with static elastomer seals. Brown says 
that a seal material with superior ability to store elastic strain energy also has greater 
capacity to resist any relaxation effects. Brown means that this statement is true as long 
as the seal material is intact but if the material is exposed to excessive compressive 
force the material will be permanently damaged and suffer a loss of mechanical 
properties. 

4.2.1.1 Weather related problems 
The gasket is the key element in the complete sealing solution. Gasket failure due to 
environmental impact increases the chance of ingression of contaminants dramatically. 
The choice of material is essential and many aspects have to be taken into consideration. 

The environmental condition on the site where the enclosure is supposed to operate set 
the requirements for the gasket material. For outdoor locations, resistance against ultra-
violet radiation, moisture and corrosion are very important issues according to the IEC 
standard 60950-22: Equipment installed outdoors. 

4.2.1.2 Sealing problems related to locks and hinges 
The design and position of the locking system and suspension of the door are also 
sources to potential sealing problems. If the locks and hinges are placed in an incorrect 
arrangement, due to poor design or as a result of an assembly- or manufacturing error, 
the result might be an irregular distribution of closing load. The uneven distribution can 
cause local zones with high compressive force and other zones with inadequate sealing 
force with leakage as a possible consequence. 

4.2.2 Who has the problem? 

The end user, the telecom operator, has the direct problem if the seal fails and the 
electronic equipment within the enclosure is damaged. Ericsson AB also has the 
problem if the enclosure environmental protection fails due to poor quality or bad 
design of the sealing solution. This can induce bad will and might eventually lead to 
loss of market shares.  

4.2.3 What is the purpose? 

The goal is to find an optimal universal sealing solution to protect the electronic 
equipment enclosed in Ericsson outdoor cabinets with hinged doors. 
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4.2.4 What potential side effects should be avoided? 

The cost of the product should not be dramatically higher and the size of the sealing 
solution should not affect the total volume of the enclosure. The chosen solution should 
be robust and not fragile or weak. The level of usability should not be degraded by an 
over-engineered or too complicated solution.  

4.2.5 What is the delimitation? 

The sealing solution should be designed for enclosures with hinged doors. 

4.3 Investigation of technical and economical feasibili ty 

No obvious restrictions seem to delimit the potential to proceed with the project at this 
point. 

4.4 State of the art 

How do other engineering disciplines deal with static sealing problems? The sealing 
issue is not a new problem and there are several existing solutions. The areas reviewed 
in this state of the art study are the automotive industry, the marine industry, electronic 
equipment cabinets, competing telecommunication enclosures and finally existing 
Ericsson products. 

The conclusions from the state of the art study are divided into two categories: the 
external benchmark and the internal benchmark of the Ericsson products that is 
classified and placed in the confidential appendix. 

4.4.1 The automotive industry 

Modern cars, trucks and buses all have several gaskets and sealing solutions to prevent 
moist and dirt from damaging fragile parts or simply to keep the rain out of the vehicle. 
There are both static and dynamic seals in the automotive industry but it is only the 
static seals that are interesting to investigate closer in this thesis because of the fact that 
the enclosure door sealing is static. 

Doors, windows and boots are often sealed with extruded elastomer sections. According 
to the UK based company Seal + Direct Ltd [13] the most common elastomer materials 
for the above mentioned sealing applications are EPDM rubber (Ethylene Propylene 
Diene M-class rubber) and expended or solid neoprene.  

Another method that is widely used when it comes to sealing automotive parts like for 
example door speaker housings, door locks and head light housing is the FIPFG 
(Formed-In-Place Foam Gasket) process. The FIPFG process is described in detail in 
chapter 2 of this report. The most frequently used foam gasket materials in the 
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automotive industry according to Dr S. Baron von Ceumern-Lindenstjena [9] are 
polyurethane and silicone. 

4.4.2 The marine industry 

Watertight doors and hatches on ships and boats are often the weakest part in the 
weather protection. Zero leakage is essential for safety reasons and the forces acting on 
the door or hatch can be of substantial magnitude. Some intermittent design features 
found on marine doors designed by the American company Juniper Industries Inc [14], 
suppliers of watertight doors and hatches to the US navy, are rounded corners instead of 
sharp corners, thick neoprene or silicone gaskets and heavy-duty locks. 

The compression load on the gasket is high, especially on submerged hatches and it is 
obvious that the gasket materials used, neoprene and silicone, have very good resistance 
against over-compression and compression set. Another clear advantage with these 
materials is their ability to operate in corrosive environments with salt water present 
without loosing the sealing effect. 

The design of the locking system is also a salience feature on marine doors. Juniper 
Industries Inc. uses up to ten locking points to distribute the high closing force. The 
purpose is to minimize the risk of local compression concentration zones on the gasket, 
which might lead to seal failure and leakage. 

4.4.3 Electronic equipment cabinets 

There are many different electronic equipment cabinets designed both for indoor and 
outdoor environments on the market today. The sealing principle is a very important 
issue particularly for the cabinets operating on harsh sites and many manufacturers have 
similar ways to deal with the problem. The most popular method to seal outside cabinets 
is to use seamless dispensed gaskets applied with the FIPFG process. The foam 
materials used are silicone or polyurethane according to the product specifications from 
the electronic equipment cabinet manufacturers closer investigated in this thesis; Rittal 
[19] and Eldon [20]. 

Another common feature is the rain shielding detail. The rain guard can be either build-
in or a complementary accessory, designed to protect the gasket from direct exposure of 
rain water. Some ground level cabinets are mounted on plinths to elevate the sensitive 
parts from the soil in case of large amounts of snow or heavy rain. 

4.4.4 Competing telecom enclosures 

The telecommunication industry is a very competitive business and it is hard to find any 
specific information about the sealing solutions used by competing manufacturers of 
telecom enclosures. In general, telecom enclosures resemble a lot to electronic 
equipment cabinets according to the product information available on the major 
manufacturers’ homepages and photos of base-stations available on the internet [17]. A 
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selection of Norbert Hüttisch’s photos of telecom enclosures can be found in appendix 
E. 

 

 

Figure 13. Open Huawei base station, photographer Norbert Hüttisch 

4.4.5 Ericsson products 

This information is confidential and can be found in appendix F. 

4.5 Benchmark 

The findings from the state of the art study are divided into two categories, the external 
and the internal benchmark. 
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4.5.1 External benchmark 

When the state of art study was performed, similarities and differences were evaluated 
and some general guidelines are presented below to assist in the creation of concepts.  

 

• The dispensed gasket, applied with the FIPFG methods, is used within several 
engineering fields. 

• Protection from direct exposure of water is an important complexity concerning 
the sealing solution. Some examples of solutions are two gaskets, concealed 
gaskets, rain rejecting roofs or labyrinths. 

• Sharp corners are often avoided if possible. 

• The design of the locking system and the number of locking points are strongly 
coupled to distribution of closure force over the gasket. 

• The environmental conditions are very important for the design of the sealing 
solution. 

• Many of the competing telecom enclosures have the gasket mounted in the door 
instead of the cabinet housing. 

• Silicone, polyurethane, neoprene and EPDM rubber are common gaskets 
materials used in outdoor applications. 

4.5.2 Internal benchmark, Ericsson products 

This information is confidential and can be found in appendix G. 
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4.6 Design criterion list 

 

Weather protection requirements     Demand/request 

 

• At least IP-class IP55       D 
• Ability to seal between temperatures of -40°C - +60°C  D 
• Resistance to ultra violet radiation     D 
• Resistance to corrosion effects     D 
• Resistance against snow and ice     D 
• Protection against fauna and flora     D 

 

Manufacturing demands and requests 

 

• Manufacturing availability in eastern Europe and/or China  R 
• Availability of necessary machines     R 
• Availability for large scale production    D 
• Handle different sizes of enclosures     D 
• Low material cost       R 

 

Mechanical properties of gasket material 

 

• Very good seal recovery properties     D 
• Appropriate Young’s modulus     R 
• Good resistance against over compression    D 

 

Design requirements 

 

• Design for assembly       R 
• Robust design        R 
• Compact design with ambition to minimize volume   R 
• User-friendly and safe design      D 
• Should not intrude on existing patents    D 
• Should be designed according to IEC standard 60950-22  D 
• Should be a fire enclosure, see appendix B for more information D 
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5 Concept Phase 2, Function Analysis 

This chapter will describe how the function analysis will be performed. The output of 
this phase is a morphological matrix that lists several suitable solutions to the sub-
functions that need to be fulfilled in order to satisfy the main function, seal the 
enclosure door. 

5.1 The black-box model 

The main function is to seal the enclosure door from ingress of contaminants such as 
water and dust. The input is the contaminants trying to break through the seal and the 
outputs are unaffected electronic equipment and waste-contaminants unable to penetrate 
the environmental barrier. The operator in this case is the contaminants. 

 

Figure 14. The black box model 
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5.2 Technical principles 

There are only a few feasible general technical solutions on how to seal an enclosure 
side opening according to the standards and requirements set on Ericsson enclosures in 
the design criterion list. The possible alternatives are: 

 

• A hinged door 

• A screwed on door 

• A sliding door 

 

The delimitations of this thesis work only allow hinged doors. The interesting question 
in this case is how the hinged door is sealed? There are several technical principles on 
how to seal a hinged enclosure door.  

To come up with solutions on how to seal the enclosure door different methods are 
used. There are two groups of methods used to generate concepts according to 
Johannesson, Persson and Pettersson [7]; the first group is called “creative methods” 
and the other “systematic or rational methods”. Johannesson et al. stresses that the most 
used and well known method in the creative method group is brainstorming. The rules 
and restrictions of brainstorming are closer described in chapter 3. Within the group 
systematic or rational methods Johannesson et al. place the following methods: 

 

• Research in relevant literature 

• Analogies from the nature, for example the light and rigid cell structure of bee 
hives 

• Benchmarking of competitors and similar products 

• Interviews, with for example a proficient specialist 

• Computer software such as Invention machine [18] 

 

Furthermore Johannesson et al. say that a mix of methods often is a good approach. 
They also state that the results from some of the systematic or rational methods often 
serve as excellent inputs to a brainstorm session. 
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5.3 Brainstorm session 

A brainstorm session was held with a group of mechanical designers at Ericsson AB, 
Lindholmen in Gothenburg. The objective with this workshop was to generate as many 
new ideas concerning the sealing of a hinged door as possible. The result of the 
brainstorm session can be found in appendix C. The new ideas served as fundamental 
inputs in the continuing concept generation process. 

5.4 Function/means-tree 

Since the design problem in this thesis only concerns the sealing solution and not the 
design of a complete outdoor enclosure, some of the methods have to be revised to 
better suit this specific case. The establishing of transformation systems is not optimal 
for a design problem of this nature with only one function. These methods are 
traditional used to systematically identify the functions and means and is better suited 
for more complex products. 

A function/means-tree can help to clarify the different means and put the sealing 
solution in a broader perspective. A basic function means tree can be found in appendix 
D. 

5.5 Morphological matrix 

As Liedholm [5] states in his book, the function/means-tree often tends to grow very 
large and the systematic benefit is lost due to the large number of functions and 
alternative means. Furthermore he says that a morphological matrix is a better way to 
demonstrate the different possible solutions. Based on the design criterion list, the 
findings from the brainstorming session, the internal and external benchmarking and 
other research a morphological matrix is established and illustrated in figure 15.  

According to Liedholm, the biggest disadvantage with the morphological matrix is that 
the information from means and functions higher up in the tree structure of the function 
means tree is lost. In this case that problem is taken care of with a combination of a 
function means tree, covering the first levels, and a morphological matrix for the lower 
states.  

Another problem with the morphological matrix is that the number of possible 
combinations, e.g. potential concepts, grows very fast with increasing numbers of 
multiple sub-functions and means. Some potential concepts are simply not realistic due 
to the fact that several means are not compatible with each other. That is the first level 
of screening, according to Liedholm, in order to delimit potential concepts. Furthermore 
Liedholm says that this problem can be eased by ranking the means after relative 
excellence. In this thesis the means are divided into two groups, first preference and 
second preference. The ranking of the means were performed together with the 
supervisor at Ericsson [21]. The means in the “first preference” group are marked with 
grey highlight in figure 15. 
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Figure 15. Morphological matrix 
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6 Concept phase 3, Establish Concepts 

The purpose with concept phase 3 is to generate the concepts that will form the 
foundation in the continuing development. The input to this stage is the morphological 
matrix established in phase 2 and the result is one final concept.  

6.1 Generate concepts 

The morphological matrix in figure 15 is used as base and a diversity of arrangements 
can be established in order to generate concepts. After removing unrealistic and poor 
alternatives 20 concepts are generated from the matrix, after thorough discussions with 
the supervisor at Ericsson [21]. The concepts are presented in figure 16. 

 

Concept Included means Concept Included means 

1: A3-B2-C1-D1-E1-F1-G1 11: A2-B1-C1-D5-E1-F3-G2 

2: A1-B1-C1-D1-E1-F1-G1 12: A2-B1-C3-D3-E2-F1-G1 

3: A2-B1-C1-D2-E1-F1-G1 13: A1-B1-C3-D2-E1-F2-G2 

4: A1-B1-C2-D2-E2-F2-G2 14: A1-B1-C1-D1-E2-F1-G1 

5: A2-B1-C2-D4-E1-F3-G2 15: A1-B1-C1-D2-E1-F1-G1 

6: A1-B1-C3-D3-E1-F1-G1 16: A2-B2-C1-D1-E2-F1-G1 

7: A1-B1-C1-D1-E3-F2-G2 17: A2-B1-C2-D4-E2-F1-G2 

8: A2-B1-C3-D2-E2-F2-G1 18: A1-B1-C1-D5-E1-F1-G1 

9: A1-B1-C1-D3-E1-F1-G1 19: A1-B1-C2-D3-E1-F1-G1 

10: A1-B1-C2-D1-E1-F1-G1 20: A1-B1-C1-D5-E2-F1-G1 

Figure 16. Generated concepts 

Liedholm states that all the generated concepts should be described and reviewed 
individually at this point. In this case, due the large amount of alternatives, the concepts 
are investigated more throughout in a later stage. 
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6.2 Screen the concepts 

The purpose with this phase is to delimit the number of potential concepts. Pugh’s 
relative decision matrix is used to compare the concepts with each other and to 
eliminate the most unsuitable options. The method is described in detail in chapter 3, 
methodology. Concept 13 was chosen to be the reference concept in the first round 
since that design is most similar to an existing sealing solution used by Ericsson. The 
outcome of the screening can be found in figure 17. The criterions used in the method 
are based on the demands and requirements from the design criterion list. Some of the 
criterions are pretty similar and others might be hard to understand completely, 
therefore some of the criterions were explain in detail below. 

• Robust design refers to sensitivity of variations in tolerance as well as how 
durable and sustainable the solution is. 

• The easy to repair criteria concerns how complicated it is to change the gasket or 
if other parts needs to changed if the seal is damaged. 

• Easy assembly includes questions like; can the mounting of the gasket be 
automated for this concept? Is the assembly time-consuming? 

 

 

Figure 17. First round of Pugh’s relative decision matrix 

After the first iteration with Pugh’s concept selection matrix the 13 least suitable 
alternatives were deleted. At this stage Johannesson et al. [7] propose that either a 
second iteration is done with the highest ranked concept as new reference or a new 
iteration is performed with weighted criterions. In this case, a second iteration with the 
most promising concept as reference was considered the best alternative since it is 
extremely hard to rank the criterions because of the fact that the sealing prerequisites 
can diverge very much between different scenarios. 
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Figure 18. Second round of Pugh’s relative decision matrix 

When the second round with Pugh’s method, figure 18, is completed there were four 
front-running concepts left for further development. The remaining concepts were 
number 6, 10, 15 and 19. To make it easier, the residual concepts were renamed to 
concepts A, B, C and D, where A=6, B=10, C=15 and D=19. 

6.3 Review of the most promising concepts  

To gain greater understanding of the remaining concepts, the concepts were described in 
detail and reviewed to learn more about the benefits and disadvantages. A comparison 
with the design criterion list was performed to make sure that the concepts fulfill the 
demands and requirements. 
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6.3.1 Concept A 

 

Figure 19. A draft of concept A 

The door is suspended with two prominent hinges and the gasket consists of a lip 
section and a classic D-section (D-section, refers to the shape of the gasket profile) with 
ears, mounted on an edge of the enclosure door with a self-gripping solution. The gasket 
is also vulcanized in the corners to avoid gaps. Vulcanization is a chemical joining 
process where the rubber is heated up and sulfur is added. The result is that cross linked 
atomic bridges are created between the parts and a joint is made.  

The locking system is made up by two separate quarter turn locks. The part of the 
cabinet that mates with the gasket is bent in a way that gives a smooth mating surface 
and at the same time generates a drain channel for rain water. The gasket is simplified in 
figure 19 and illustrated in detail in figure 20. The thinner lines in figure 20 represent 
EPDM sponge-rubber that is foamed with air bubbles to obtain a softer material and a 
more desirable compression characteristic.  

 

Figure 20. Profile of gasket design for concept A 

The most significant advantages with concept A are the simple and economical locking 
system and the gasket design that reduces the number of individual parts and deliver an 
efficient dual-seal where the lip gasket protects the inner part the gasket. A drawback is 
that both locks need to be unlocked in order to gain access to the enclosed equipment. 
The distribution of the closing force is also less than with the rod controlled 
espagnolette design. 
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6.3.2 Concept B 

 

Figure 21. A draft of concept B 

Two hinges keeps the door in place and the locking system consist of rods and bolts, 
e.g. an espagnolette design. The espagnolette principle is more closely described chapter 
2. The seal is a self-gripping extruded corner cured gasket assembled in the door 
section. The seal is protected by a labyrinth-bend solution that prevents water from 
reaching the gasket. The gasket is simplified in figure 21 and illustrated in detail in 
figure 22. The thinner lines in figure 22 represent EPDM sponge-rubber that is foamed 
with air bubbles to obtain a softer material and a more desirable compression 
characteristic. 

 

Figure 22. Profile of a self gripping gasket for concept B 

The espagnolette locking system is efficient with the possibility to use up to 3 locking 
point to ensure a good distribution of the closing force. This locking system is slightly 
more advanced and space consuming then the quarter turn solution used in concept A. 
The gasket design is a simple and well-tried solution but it is vital to conceal and protect 
the gasket from direct water. 
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6.3.3 Concept C 

 

Figure 23. A draft of concept C 

The cabinet door is suspended with two hinges. The lock design is similar to the 
espagnolette solution used in concept B bur instead of bolts that slides into sockets in 
the end points, rollers are used. The rollers revolve over a wedge-shaped edge when the 
rods are forced up and down as a result of a twist of the handle. The result is an even 
higher closing force but the drawback is that the rollers and the wedged-shaped mating 
surface needs more space than the bolt and socket design. A seal is applied with the 
FIPFG-method direct on the door. The gasket is simplified in figure 23 and illustrated in 
detail in figure 24. 

 

Figure 24. Profile draft of FIPFG for concept C 

The greatest benefits with the FIPFG seal are the low material cost and the fact that the 
assembly process can be highly automated. These arguments together with the 
possibility to keep a high production rate and low labor cost makes the technique extra 
suitable for products manufactured in large series. The absence of joints and the 
freedom to designate the hardness and other mechanical properties, when the 
composition of the sealing material is defined, are two other advantages with the FIPFG 
seal. The biggest disadvantages are that the method is dependent on special machines 
that often involve large investment cost and that the seal might be sensitive to strain 
forces. The UV resistance is also poor for the material normally used, polyurethane and 
silicone. 
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6.3.4 Concept D 

 

Figure 25. A draft of concept D 

Concept D is a combination of concept A and concept B. The locking design is an 
espagnolette solution with bolts and sockets. The gasket, schematically displayed in 
figure 25, consists of a lip section and a classic D-section with ears, mounted on an edge 
of the enclosure door with a self-gripping solution, figure 26. The thinner lines in figure 
26 represent EPDM sponge-rubber that is foamed with air bubbles to obtain a softer 
material and a more desirable compression characteristic. 

 

 

Figure 26. Profile of gasket design for concept D 

The locking solution is a compromise between the compact and economical quarter turn 
technique and the space consuming and very well-sealed solution, the espagnolette and 
rollers mechanism. The gasket is compact and reliable with the two-in-one structure.  
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6.4 Rank the concepts 

The output from the concept screening is the four most promising concepts. The next 
step in the search of the best concept is to compare the remaining concepts with 
decision support from the Kesselring method, described in detail in chapter 3. The main 
difference between Kesselring’s and Pugh’s matrices is that the Kesselring method 
ranks the concepts in regard to how near they are an ideal fictitious concept. Hence the 
result from the Kesselring method is an absolute score in contrast to the relative score 
from Pugh’s matrix. The weighting of the criterions are made with pair wise 
comparison, a thorough description of the method can be found in chapter 3 and the 
result of the weighting is presented in figure 27 below. 

 

 

Figure 27. Pair wise comparison 

The criterions used in the Kesselring method originate from the demands and 
requirements in the design criterion list. Some of the criterions are quite vague and 
many of them are intimately related, for that reason the included criterions are briefly 
explained below. 

• The size demand can be very important for specific cabinets and a minimization 
of physical volume is often preferred. 

• The environmental barrier criteria reflect how well the concept is to keep 
unwanted contaminants such as water and dust out of the sealed volume. 

• The flexible solution requirement refers to the concept’s ability to suit different 
sizes, materials and designs of enclosures. 

• The cost is always important and this criterion includes investment cost, possible 
level of automation in order to improve production rate, material cost and all 
other costs that are related to the concept. 

• The robustness demand concerns how sensible the concept is for variations in 
tolerance, absolute fitting, manufacturing errors etc. A robust solution is 
required to minimize the risk of sealing failure. 
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• Reliability is how dependable and unfailing the concept is in general. Especially 
in terms of for example fail resistance induced by quick changes of 
environmental conditions or length of service life. 

The result from the Kesselring concept ranking is described in figure 28 below. The 
concept with the superior score was concept D. 

 

 

Figure 28. The Kesselring matrix 

Concept D includes a 2-in-1 gasket that is self-gripping with a D-section and ears 
equipped with an extra lip, one pair of prominent screw-on 180° die casted zinc hinges 
and finally an espagnolette lock design with 3 locking points using bolts and sockets. 
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7 System Level Design 

In this chapter the system level design will be defined when the geometrical layout, 
structural design and functional specifications are stated. 

7.1 Improve the selected concept 

After discussions with the supplier EMKA [23] the gasket is moved to the cabinet 
instead of the door. The major benefits with this layout are a significantly simpler door 
design and a more efficient water labyrinth. The gasket consists of four sections that are 
vulcanized joined to a seamless frame with perpendicular corners, figure 29. 

 

Figure 29. To the left, the four sections before vulcanization and to the right the 
complete gasket frame 

The self-gripping gasket is assembled very fast and with great precision by just pressing 
the frame on to the bended edge of cabinet front side, figure 30.  

                   

Figure 30. Assembly of the gasket frame 
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The door design is a basic single-bended plate with welded splices and the hinge 
solution is unchanged from the first draft of concept D. The position of the hinges is 
based on experience from old designs. The cabinet is whole-welded and is displayed 
with closed door in figure 31. The handle is not included in figure 31 because it is 
considered to be water and dust tight and the exterior design can be modified for 
different sites and environments. The interior part of the locking system is still an 
espagnolette design with bolts and sockets. 

 

 

Figure 31. System level design 
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8 Detailed Design 

In this chapter the elaborated design will be discussed. The final specifications, 
definitive layout and gasket material will be stated. 

8.1 Hinges 

Prominent screw-on 180° die casted zinc hinges are used because of the desirable 
robustness and strong environmental barricade. The hinges are mounted with four 
concealed screws that are securely fastened with nuts from the inside. The two screws 
on the cabinet side penetrate the environmental protection barrier and are therefore 
equipped with o-ring gaskets to secure a sufficient seal. The dimension of the hinges 
varies with the size of the enclosure. The hinge design is displayed in figure 32. 

 

Figure 32. Detailed display of the hinge 

8.2 Gasket 

The 2-in-1 gasket is a slight modification of the profile displayed in chapter 6, figure 26.  
The chosen gasket is a self-gripping design with a D-section with ears supplied with an 
extra lip to protect the main gasket from direct water exposure. The gasket profile is 
displayed in figure 33. 

 

Figure 33. Detail design of the gasket in profile 
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A functional model, figure 34, of the gasket mounted at a medium compression state on 
a simulated gasket edge was designed in Pro Engineer and fabricated in ABS polymer 
with a 3D-printer. This model helps to understand the function of the ears on the D-
section. The ears decrease the radius mating the door surface and make it harder for the 
water to pass between the gasket and the door. The two ears, positioned as shown in 
figure 34, together with the D-section create three contact points instead of one which is 
the case with only the D-section. The design of the lip enables higher contact force 
between the lip and the door with increasing pressure of the incoming water within 
reasonable limits.  

The elements behind the self-gripping design are also shown in figure 34. The four lips 
on the inside of the gasket have two main purposes. The first function is to keep the 
gasket secured in a correct position and the other purpose is to seal the possible entrance 
route between the edge and the gasket.  

 

Figure 34. A close up of the functional model 
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The complete gasket frame mounted on a cabinet is displayed in figure 35. When the 
enclosure is closed the lip gasket seals against the bended edge of the door and the result 
is a water labyrinth, figure 36. The main gasket, the D-section, is compressed over a 
controlled distance and a desired compressive force is obtained all around the frame. 
None or a negligible amount of water or other contaminants can possibly pass the first 
lip gasket and together with the main gasket a robust and reliable environment seal is 
achieved.  

 

Figure 35. 2-in-1 gasket mounted on cabinet 

     

Figure 36. Compression of the gasket and creation of the water labyrinth while closing 
the enclosure 
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8.2.1 Gasket material 

The material used is EPDM rubber (Ethylene Propylene Diene M-class rubber) with a 
steel spring core to secure a proper self-gripping assembly. EPDM is a copolymer 
consisting of three monomers. The third monomer permits better vulcanization 
prerequisites of the polymer than a full saturated EPM (Ethylene Propylene M-class 
rubber) [11]. That fact makes EPDM an excellent choice of material since the gasket 
consist of four sections vulcanized to a single frame.  

As mentioned earlier in chapter 4, EPDM is commonly used for environmental seals in 
the automotive industry because of its suitable properties. The D-section and the lip-part 
of the gasket is EPDM sponge-rubber that is foamed with air bubbles to obtain a softer 
material and a more desirable compression characteristic. 

EPDM passes the flammability demands set on a fire enclosure, appendix B. The 
material also meets the demands and requirements concerning weather resistance and 
mechanical properties set in the design criterion list, section 4.5. According to the 
supplier EMKA [23] and Brown [6] the temperature requirements are not an issue with 
EPDM and the sealing performance is satisfactory between temperatures of -40°C - 
+60°C. 

8.3 Locking system 

The locking system is an espagnolette design with bolts and sockets and the type of 
handle can be changed depending on the environment where the enclosure is mounted, 
for example on a mast or a wall. The espagnolette locking principle is described in 
section 2.4. The main benefit with this locking system is the three locking points that 
are created and the favorable distribution of closing force that is a positive consequence 
of this design.  
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9 Testing and Refinement 

This chapter describes the manufacturing of the prototype and the validation of the 
sealing solution that is based on the IP55 ingress test. The result of the test is evaluated 
and discussed. Finally possible failure modes and error effects are analyzed with the 
FMEA method. 

9.1 Prototype of sealing solution 

A simple prototype was made to test the functionality of the sealing principle. The idea 
was to reproduce a 10 cm section of the water labyrinth in profile with completely 
sealed end-sections. The most critical part of the sealing solution is the gasket and the 
first step was to build the 2-in-1 gasket. A lip was glued on an existing self-gripping D-
profile gasket. The door and cabinet parts were designed in the CAD software Pro 
Engineer and fabricated in ABS polymer in a 3D-printer. The cabinet component was 
equipped with oblong holes to enable variation in compression length. These parts were 
assembled and secured with two M3 screws, figure 37 and 38. 

 

Figure 37. CAD models of prototype components 
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Figure 38. Manufactured Prototype components assembled and secured at an arbitrary 
compression state 

Two plates of PMMA, Plexiglas™, were manufactured and four holes were drilled in 
each plate. The plates were equipped with silicon seals and extruded EPDM to obtain 
watertight end sections. Four threaded rods were used as screw joints to attach the plates 
as gables and to create a pressurized seal. The complete test prototype is displayed in 
figure 39. 

 

Figure 39. The complete prototype 
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9.2 Validation with IP55 Ingress protection test 

In order to verify the functionality of the chosen design an ingress protection test was 
made. The experiment was performed on the prototype and based on the water part of 
the IP55 test, see appendix A for further details. Three different compression lengths 
were tested on the chosen 2-in-1 gasket and one reference test was performed on a 
gasket with no lip gasket. Each test case was placed in two positions, with the opening 
facing upwards and sideways, see figure 40.  

 

Figure 40. The test positions of the prototype and main directions of the water jets 

The prototype was placed on a flat surface and secured with duct tape to keep it in place 
when exposed to the water jet. The source of the water jet was adjusted and slightly 
moved to expose the lip gasket with direct water spray. The result of the test is 
displayed in figure 41. 

Test case Water ingress position 1 Water ingress position 2 

Gasket compressed 1mm 1-2 ml 0 ml 

Gasket compressed 3mm <1 ml 0 ml 

Gasket compressed 7mm 0 ml 0 ml 

No lip, compressed 3mm 3-5 ml 0 ml 

Figure 41. Test result 



Optimal enclosure doors – Design and Evaluation  Testing and Refinement 

_____________________________________________________________________________________ 

 45 

9.3 Evaluation of the test 

The main objective with the test was to get an idea if the concept was effective and 
keeping a tight seal. The prototype was designed as simple as possible to minimize error 
sources. 

Only the water part of the test was performed primarily due to practical reasons, since 
no dust chamber was available. The ingress of solid objects and dust is not considered to 
be as critical as water intrusion and if the seal perform well on the water test it is very 
likely to perform in a satisfying way on the dust test as well. 

The first test case was an under-compression scenario. The gasket was only compressed 
1 mm. There was some leakage when the prototype was placed in position 1. The 
leakage was very small though and the gasket was submerged during the test because 
the flow from the water jet was higher than the flow out of the opening of the prototype.  
The same thing happened while testing the prototype in position 1 for all test cases. The 
prototype does not have the exact same water channel as the chosen concept. The end 
sections are sealed on the tested prototype while the water channel on the complete 
enclosure allows the water to flow out and the gasket is never submerged. The prototype 
was designed in this way to subject the sealing solution to a tougher test than a real 
situation. The opening between the simulated door and cabinet was also slightly larger 
than it would be in an actual product. This was also made with purpose of giving the 
sealing solution a challenging examination. 

In the case with medium compression of the gasket, 3 mm, only a few drips entered the 
inside of the prototype when it was placed in position 1. It is hard to know if the water 
passed the gaskets or if entered through the end sections or somewhere else. 

No water entered the prototype when the gasket was over-compressed, 7 mm. Over-
compression is not necessarily bad in this case. Resulting compression set from long-
lasting high compression is a more severe problem. But it is still interesting to verify if 
the gasket is able to seal when it is over-compressed. 

The last test case was performed on a D-section gasket without the extra lip gasket. 
About 3 – 5 ml of water entered the simulated enclosure when the prototype was placed 
in position 1. This result confirms the idea that the lip part of the gasket protects the 
main gasket and reduces the force of the incoming water jets. 

The result of these tests showed that the sealing solution is promising and the good 
sealing ability at different compression lengths indicates that the design is robust and 
resistant against tolerance variations and shape changes due to thermal expansion or 
creeping.  

This experiment was just an initial basic test. Further investigation is needed and a test 
on a full scale enclosure is recommended to fully verify the quality of the sealing 
solution. 
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Figure 42. The prototype placed in position 1 during test 

 

Figure 43. The prototype placed in position 2 during test 
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9.4 FMEA 

FMEA (Failure Modes and Effects Analysis) is a method designed for analysis of 
possible failures, connected consequences and how these effects can be avoided. The 
method is explained in detail in section 3.12.  

According to the experienced mechanical designer Torbjörn Westin [21] it is important 
to implement FMEA at an early stage of the product development process to avoid 
unpleasant and expensive surprises later on. Westin also state the great significance of 
iteration. It is suitable to carry out several rounds of FMEA in order to decrease the 
RPN, Risk Priority Number, and as a result obtain a more robust and reliable design. 

An FMEA was performed to improve the quality of the sealing solution. The three key 
elements of the sealing solution, the gasket frame, the hinge and the locking system 
were analyzed. The result is displayed in figure 44. The high RPN values for tolerance 
related failures indicate the importance of a robust solution. That has been taken under 
consideration during the development of the sealing solution. 

 

 

Figure 44. FMEA 
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10 Conclusion and Result 

In this chapter the findings from an economical analysis and comparison between two 
sealing solutions will be discussed. The result, conclusions and recommendations will 
be presented. At last, future development potentials will be inspected. 

10.1 Economical Analysis 

An economical comparison between the chosen concept and the runner-up concept 
FIPFG has been done. In this evaluation, all of the parameters that concern the sealing 
performance are considered to be equivalent for the two concepts. It is known that 
FIPFG requires a relatively high machine investment cost but it is also known that the 
material cost is remarkably low if compared to the competitors. The aim with this 
analysis is to find the break-even point to see at what batch size it becomes more 
economically profitable to choose the FIPFG concept before the 2-in-1 gasket despite 
the high start-up cost for FIPFG. 

Only the manufacturing costs were of interest in this study and cost related to research, 
marketing, sales and distribution were not included. Two different cases were 
compared, large enclosures with about 4 m of gasket length and small enclosures with a 
gasket length of around 1,5 m. 

The manufacturing cost equals direct labor, direct material and markup for other 
manufacturing expenses according to Hansson and Nilsson [12]. This was broken down 
into an hourly cost that includes manpower, energy cost and charge-off cost. The 
charge-off time was set to 2 years. The running cost was calculated by dividing the 
hourly cost with the production rate. Costs that only occur ones are referred to as one-
off costs and that was the machine adjustment and pilot production cost in this case. The 
machine investment could be considered as a one-off cost but in this case it was added 
as an hourly charge-off cost with the other hourly expenses. The start-up cost varies 
with the batch size since it is calculated by dividing the one-off cost with the batch size. 
The calculation is confidential and can be found in detail in appendix H in the Ericsson 
version of the thesis. 

The same calculation was used for both of the concepts but the extruded frame gasket is 
bought as a complete product from the supplier and requires no machine investment. 

The outcome of this calculation is displayed in a graph, figure 45. The graph displays 
the total cost for one gasket for different batch sizes. The figures used in this 
comparison were approximations obtained from suppliers and the result should only be 
used as guidance. 
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Figure 45. Comparison of manufacturing cost 

As shown in figure 45 the FIPFG, in general, is getting cheaper with increasing batch 
size, which is no surprise since there are a larger amount of gaskets that shares the 
machine investment cost when the batch size grows. Another conclusion is that the 
FIPFG solution is quite significantly cheaper when it comes to large enclosures and 
large batch size. Extruded gaskets are cheaper per piece in small series but when the 
batch reaches a certain size shows the graph that FIPFG is a more profitable choice. The 
break-even point for large enclosures is around 5000 gaskets and around 18000 gaskets 
for small cabinets. 

10.2 Conclusion and recommendations 

Different environments and sites call for unique sealing needs. This sealing solution is 
versatile and flexible and can be implemented in enclosures of shifting sizes and shapes. 
The chosen sealing solution is a simple yet robust design that performed very well in the 
tests during the verification phase. The 2-in-1 gasket frame design together with the 
water labyrinth and drain channel seems to deliver a satisfactory seal. The extra lip 
reduces the energy of the incoming water jets and the main gasket is never objected to 
direct exposure of water spray.  

The design and placement of the hinges is an old and reliable technique to suspend the 
door. It is also very straightforward and suitable from a manufacturing perspective. The 
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locking system is inspired by the marine industry with multiple locking points in order 
to distribute the closing force well and gain an even compression of the gasket all the 
way around the frame. 

The economical analysis showed that the chosen concept is more profitable for small 
batch sizes and that the difference between the final design and FIPFG is quite small 
even when it comes to larger series, especially for small enclosures. 

It is important to remember that no matter how clever the sealing solution is the design 
must be integrated and compatible with other systems and interfaces on the enclosure. It 
is vital to think in terms of system zones and what will happen if new holes are added or 
if units are moved from the inside of the cabinet to the door and similar design changes. 
It must always be clear where the sealed volume is and intrusions through the sealed 
zone such as holes should be avoided if possible. If a hole is added it must be 
individually sealed with for an example an o ring to keep an intact environmental 
barrier. 

Another conclusion gained during this project is that although a compact solution often 
is desirable, especially when it comes to micro base stations, the fact is that it is very 
important to assign a certain physical work volume to give the designer a proper 
possibility to design a functional and reliable sealing solution.  

Further testing, a complete IP55 test, on a complete enclosure is recommended to verify 
the result obtained from the test performed in the thesis. 

10.3 Result 

The final design of the sealing solution includes a 2-in-1 gasket that is self-gripping 
with a D-section and ears equipped with an extra lip, one pair of prominent screw-on 
180° die casted zinc hinges and finally an espagnolette lock design with 3 locking 
points using bolts and sockets. 

10.4 Discussion 

The work flow has been consistent throughout the project and the time table and thesis 
diary has been helpful to keep track of important meetings and deadlines. I’m pleased 
with the result and all the new knowledge and experience that I’ve gained during this 
project.  

A lot of time was dedicated to the initial phases. To increase the chances of a satisfying 
result, a good deal of time was invested while gaining knowledge about the function and 
the nature of the problem. 
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10.5 Future development potentials 

Several other gasket designs could be analyzed and tested in order to find the most 
optimal solution and experiments with different lengths and sizes of the lip and main 
gasket could be tried if the time factor was of low importance. 

If a specific enclosure with extreme demands on sealing capacity were to be developed 
the final design could be equipped with a double bended edge on the door, figure 46. 
This extra bend should protect the lip gasket and make it even harder for the water to 
reach the main gasket. The length of the added extra bend must be optimized to avoid 
damage to the lip while closing the door. This could quite likely give the enclosure 
resistance to high pressure jets that might be used while cleaning the cabinet. This extra 
bend would probably bring extra manufacturing costs due to the fact that a more 
advanced production system would be needed as well as extra welding job. A new 
machine that could perform this double bend might be invested if the existing one could 
not do the job. 

 

Figure 46. The improved door design 
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Appendix A: IP-classification 

Protection against solid objects 

 

IP class Test method 

IP 0X No ingress protection 

IP 1X A ball with a diameter of 50 mm is pressed with the force of 50 N to all of 
the gaps on the enclosure. The enclosure pass the test if the ball does not 
entirely enter and if there is a adequate distance to vital parts 

IP 2X A standardized 12 mm test finger and a 12,5 mm ball is pressed against all 
openings with the forces of 10 N respectively 30 N. To pass, the test finger 
and ball are not allowed to entirely enter the enclosure and the distance to 
live and moving parts should be sufficient 

IP 3X A test probe, a 2,5 mm diameter steel wire, is pressed with 3 N against all 
of the openings of the enclosure. To pass the probe is not allowed to enter 
at all 

IP 4X A test probe, a 1 mm diameter steel wire, is pressed with the force of 1 N 
against all openings. To pass the probe is not allowed to enter the enclosure 

IP 5X The enclosure tested is exposed to fine-grained talcum powder in a dust 
chamber for 2-8 hours. In addition the IP 4X test is also performed. For 
approval, the dust must not ingress into the enclosure in such amounts, or 
to such places that it might jeopardize the function of the content in the 
enclosure. There must also be a adequate distance from the test probe to 
live and moving parts 

IP 6X The same test procedure as in IP 5X but with the difference that no dust is 
allowed to enter the enclosure 
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Protection against water 

 

IP class Test method 

IP X0 No ingress protection 

IP X1 The enclosure is exposed to water dripping at a rate of 1 mm/min for the 
duration of ten minutes. The water must not ingress into the enclosure in 
such amounts, or to such places that it might jeopardize the function or risk 
the safety 

IP X2 The enclosure is exposed to water dripping at a rate of 3 mm/min for 2,5 
minutes four times. The enclosure is tested in four inclinations rotated 15° 
from normal position. The water must not ingress into the enclosure in 
such amounts, or to such places that it might jeopardize the function or risk 
the safety 

IP X3 The enclosure is exposed to water spray from ±60° from the vertical. Two 
different types of test equipment can be used. Alternative one is an 
oscillating tube nozzle, with a flow rate of 0,07 l/min for each jet, and 
alternative two is a standardized spray nozzle. The flow rate for this nozzle 
is 10 l/min. The duration of exposure is a minimum of five respectively ten 
minutes. The water must not ingress into the enclosure in such amounts, or 
to such places that it might jeopardize the function or risk the safety  

IP X4 The same procedure as in IP X3 except that water is sprayed from all 
directions. 

IP X5 The enclosure is exposed to a water jet sprayed from 2,5 – 3 m. The flow 
rate of the jet stream is 12,5 l/min, applied for at least 3 minutes. The water 
must not ingress into the enclosure in such amounts, or to such places that 
it might jeopardize the function or risk the safety 

IP X6 The enclosure is exposed to a water jet sprayed from 2,5 – 3 m. The flow 
rate of the jet stream is 100 l/min, applied for at least 3 minutes. The water 
must not ingress into the enclosure in such amounts, or to such places that 
it might jeopardize the function or risk the safety 

IP X7 The enclosure is immersed completely to the depth of one meter and stays 
submerged for 30 minutes. The water must not ingress into the enclosure in 
such amounts, or to such places that it might jeopardize the function or risk 
the safety 

IP X8 The enclosure is immersed completely and the other test conditions are 
negotiated between the user and the manufacturer. The water must not 
ingress into the enclosure in such amounts, or to such places that it might 
jeopardize the function or risk the safety 
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Appendix B: Requirements concerning 
fire enclosures 

Extracted information regarding” Fire Enclosures” from IEC 60950-1, First edition, 
2001 – Information technology equipment – Safety – Part 1: General requirements 

Doors and covers in fire enclosures (4.6.3.) 

 

“If a part of a FIRE ENCLOSURE consist of a door or cover leading to an OPERATOR 
ACCESS AREA, it shall comply with one of the following requirements: 

• The door or cover shall be interlocked to comply with the requirements in 2.8; 
• A door or cover, intended to be routinely opened by the OPERATOR, shall 

comply with both of the following conditions: 
o It shall not be removable from other parts of the FIRE ENCLOSURE by 

the OPERATOR; and 
o It shall be provided with means to keep it closed during normal 

operation; 
• A door or cover intended only for occasional use by the OPERATOR, such as 

for the installation of accessories, is permitted to be removable that the 
equipment instructions include directions for correct removal and reinstallation 
of the door or cover;” 

 

Conditions for fire enclosure (4.7.2) 

“A FIRE ENCLOSURE is required when temperatures of parts under fault 
conditions could be sufficient for ignition” 

 

General (4.7.3.1) 

“ENCLOSURES, components and other parts shall be so constructed, or shall make 
use of such materials, that the propagation of fire is limited” 

 

Materials for fire enclosures (4.7.3.2) 

“The following requirements apply as appropriate.  

 

The 18 kg mass criterion applies to individual complete equipments, even if they are 
used in close proximity to each other (for example, one on top of another). 
However, if a part of the FIRE ENCLOSURE is removed in such a situation (in the 
same example, the bottom cover of the top equipment), the combined mass of the 
equipment applies. In determining the total mass of the equipment, supplies, 
consumable materials, media and recording materials used with the equipment shall 
not be taken into account. 
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For MOVABLE EQUIPMENT having a total mass not exceeding 18kg, the material of 
a FIRE ENCLOSURE, in the thinnest significant wall thickness used, shall be of 
FLAMMABILITY CLASS V-1 or shall pass the test of clause A.2. 

 

For MOVABLE EQUIPMENT having a total mass exceeding 18kg and for all 
STATIONARY EQUIPMENT, the material of a FIRE ENCLOSURE, in the thinnest 
significant wall thickness used, shall be of FLAMMABILITY CLASS 5VB or shall 
pass the test of clause A.1” 

 

 Materials for components and other parts outside fire enclosures (4.7.3.3) 

 

“Except as otherwise noted below, materials for components and other parts (including 
MECHANICAL ENCLOSURES, ELECTRICAL ENCLOSURES and DECORATIVE 
PARTS), located outside FIRE ENCLOSURES, shall be of FLAMMABILITY CLASS 
HB75 if the thinnest significant thickness of this material is <3 mm, or 
FLAMMABILITY CLASS HB40 if the thinnest significant thickness of this material is 
≥ 3 mm, or FLAMMABILITY CLASS HBF.” 

 

Materials for components and other parts inside fire enclosures (4.7.3.4) 

 

“Inside a FIRE ENCLOSURES, materials for components and other parts, (including 
MECHANICAL and ELECTRICAL ENCLOSURES located inside FIRE 
ENCLOSURES), shall comply with one of the following: 

• Be of FLAMMABILITY CLASS V-2 or FLAMMABILITY CLASS 
HF-2; or 

• Pass the flammability test described in clause A.2; or 
• Meet the flammability requirements of a relevant IEC component 

standard which includes such requirements.” 
 

Flammability Classification of materials (1.2.12.1) 

 

“The recognition of the burning behaviour of materials and their ability to extinguish if 
ignited. Materials are classified as in 1.2.12.2 to 1.2.12.14 when tested in accordance 
with IEC 60695-11-10, IEC 60695-11-20, ISO 9772 or ISO 9773. 

 

NOTE 1 when applying the requirements in this standard, HF-1 CLASS FOAMED 
MATERIALS are regarded as better that those of CLASS HF-2, and better then HBF 

NOTE 2 similarly, other MATERIALS, including rigid (engineering structural) foam of 
CLASS 5VA are regarded as better than those of CLASS 5VB, 5VB better than V-0, V-
0 better than V-1, V-1 better than V-2, V-2 better than HB40 and HB40 better than 
HB75.” 
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Appendix C: Brainstorm session 18/9 

 

This is the result of the brainstorm session held with a group of mechanical designers 
from the Enclosure group at Ericsson AB, Lindholmen. 

 

• Lip gasket 
• Inflatable gasket 
• Disposable gasket 
• O-ring 
• Carrying strap 
• Door moving 90° towards the gasket 
• Twist lock 
• Zipper lock 
• Dual lips 
• Car door principle, lock separated from sealing 
• Expanding lock 
• Old bear bottle latch 
• Conical sealing 
• Inverted dishwasher 
• Double gasket, lip and gasket 
• Triple seal, labyrinth 
• Dynamical labyrinth, ”BMW convertible door” 
• Groove, Gasket in groove, water channel, even compression 
• Soft gasket 
• Membrane, gore-tex 
• Overpressure in cabinet 
• Magnetic lock 
• Click lock 
• Brushes 
• Slow down the flow in the water jet 
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Appendix D: Function means tree 
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Appendix E: Photos of competing 
telecom outdoor enclosures 

All of these pictures can be found on the webpage www.nobbi.com (29-08-2008) and 
Norbert Hüttisch is the photographer. The photos are available in this report after an 
approval from Mr. Hüttisch. The brands of the enclosure are according to the 
information available on Mr. Hüttisch’s webpage. 

 

   

Huawei base station with closed and open doors. 

 

 

Nokia wall mounted outdoor enclosure 
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Nortel outdoor radio base station 

 

 

Same Nortel outdoor radio base station but with open doors 
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Siemens outdoor enclosure 

 

 

Same Siemens outdoor enclosure as above but with open door. 

 

 

Siemens radio base station 
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Appendix F: Ericsson outdoor 
enclosures 
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Appendix G: Internal benchmarking 
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Appendix H: Economical analysis 


