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As we rely on electrically powered devices more and more each year, improving their 
reliability is essential. Several electrical devices need to be situated outdoors in order to 
function properly, such as a coastal radio transmitter. While the transmitter itself cannot 
withstand the harsh outdoor seaside environment, its enclosure must do just that. If the 
electronic components cannot be made reliable in their operating environment, then a 
protective enclosure must be designed and manufactured. In order to understand how these 
types of enclosures can be made to function properly, a DFMA assessment is conducted on 
an existing design of a coastal radio frequency transmitter enclosure. Additionally, the 
correct geometric tolerance and material for the enclosure is to be determined. A 
combination of literature reviews, followed by an expert interview, and a systematic 
material selection process are conducted in this thesis work. Finally, the enclosure is sealed 
from the environment using a gasket between the joining surfaces. The most suitable 
material will be determined for the gasket as well. The results from this thesis will 
demonstrate what kind of materials and product design requirements are necessary to 
successfully protect electrical components from harsh outdoor conditions. Understanding 
the different ways to protect and house electrical components, is a definite requirement are 
we to move forward in a world driven by electricity.    
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1  Introduction 

1.1  Background and Motivation 
A coastal radio transmitter enclosure is a casing used to house a 12 volt radio frequency (RF) 

transmitter. The enclosure must be designed to operate outside next to the sea, hence the 

name ‘coastal’. Should a fault occur with the transmitter, it must be possible to remove the 

transmitter from within. The baseline requirements for such an enclosure are thus threefold; 

it must house an RF transmitter, it must be easy to disassemble, and it must not let coastal 

weather pass into the casing itself. Further design requirements are taken from an existing 

(pre-determined) RF enclosure. The existing design contains three separate parts and is 

measured for spatial reference i.e. considering the size of the transmitter and its external 

connection points. An image of the existing enclosure can be seen below (Figure 1). The 

motivation for re-designing such an enclosure is to make an assessment of its design for 

manufacturing and assembly (DFMA). The only elements that can be altered in the existing 

design are the sealing method and component material, so that it can function with the current 

RF-transmitter. Improving these design elements is needed to insure it upholds proper 

sealing capabilities. It will be pivotal to assess the sealant and component material 

characteristics of the enclosure so that it can withstand the harsh seaside environment. It will 

be challenging to find a compromise that will fulfil all of these requirements simultaneously. 

The topic of this thesis belongs to the broader research project at LUT University during 

year 2024. The research project focuses to the DFMA and sustainability analyses of more 

than 40 different MW and RF components. The results of this thesis will be utilized later to 

build an overall picture of the DFMA and sustainability aspects related to MW and RF 

technology. 
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Figure 1. The existing enclosure consisting of three parts: two covers (left and centre), a 

base frame (right). 

1.2  Research Problem and Questions  
The problem that was encountered with the previous design was with the gasket itself. The 

gasket did not provide adequate sealing and thus the transmitter was harmed. In addition, no 

assessment was made on the products manufacturability characteristics. This thesis must 

therefore, attempt to answer the questions; what is the most appropriate sealing method and 

component material for a coastal RF transmitter enclosure? Secondly, what geometric 

tolerance should be set to ensure tightness of the enclosure without overlooking its DFMA 

characteristics? 

1.3  Research Methods 
The enclosure itself will be modelled using SolidWorks in order to achieve a DFMA report 

from a database within the program. The SolidWorks report itself is not enough, literature 

reviews will be conducted to assess probable material alternatives and required geometric 

tolerances. Further literature reviews will provide detailed data regarding the sealing 

capabilities of RF transmitter enclosures. An expert interview will take place to determine 

what is the accepted lifetime of these types of enclosures and how frequently there might be 

service or maintenance actions which require that the enclosure to be opened and closed? 

Lastly, a systematic material selection process will be performed to determine the most 

appropriate material for the enclosure without overlooking the DFMA characteristics and 

the seaside weather conditions. 
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1.4  Significance and Expected Outcome 
The results presented in the thesis work will be needed in order to manufacture, assemble 

and utilize a coast monitoring system transmitter enclosure successfully. By finding an 

optimal combination between sealing method and component material, (based on the DFMA 

guidelines and ability to provide protection from the environment) the final product can be 

considered significant both technically and economically. The technical significance of the 

product is the result of incomparable sealing capabilities. The sealing method of the 

enclosure together with the component material itself, must prevent the leakage of any and 

all external elements that could harm the signal transmitter within the enclosure. The 

economic significance meanwhile, is justified by inexpensive manufacturing techniques and 

material selections. Finally, the expected outcome of this thesis is a ready to manufacture 

design of a coastal RF transmitter enclosure that has optimal sealing capabilities. The desired 

outcome and how it will be broken down is presented below (Table 1).   

 

Table 1. Desired results. 
 

Method What kind of 
results? What will the results tell us? Are they applicable 

results?   

The DFMA 
analysis  Qualitative 

The DFMA analysis will tell us if the 
modelled RF-radio transmitter enclosure is 
easy to make/assemble, or not. It will give 
clues as to why it is, or why it isn’t easy to 

make/assemble. The results will be product 
specific. The DFMA 
analysis, geometric 

tolerances and the choice 
of sealant/enclosure 

material will apply only to 
the designed model. 

Nevertheless, it can be 
assumed that the results 
are applicable to similar 

products operating in 
similar environments and 

for the same purposes. 

 

The systematic 
material selection 

process  
Quantitative  

The systematic material selection process 
will determine which material is best for 

both the sealant and the enclosure itself. It 
will be possible to concretely state what is 
the optimal material for the enclosure and 

sealant, also why that is. 

 

The literature 
reviews and 

expert interview 

Qualitative and 
Quantitative 

The literature reviews and expert 
interview will provide the appropriate 

geometric tolerances. It will also support 
the material selection process. 
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2  Methodology 

In order to successfully determine the most appropriate material for the enclosure and type 

of gasket, three approaches are taken (Figure 2). The first approach is, literature reviews and 

an expert interview. The ability to find reliable and up to date information is imperative. 

Simply attaining a lot of data from literature is not enough to create a meaningful conclusion. 

An expert interview is going to help determine further design requirements for the enclosure 

pertaining to its lifespan and repairability. The second approach is a design for 

manufacturing and assembly assessment. While the gasket that provides the best sealing 

might not be the most appropriate in terms of manufacturing and assembly. The same can 

be said for the choice of material as well. The third and final approach is, the systematic 

material selection process. This process helps determine the best material for the enclosure 

on the basis of functionality and operating conditions/environment. All of these approaches 

must be compared with each other to find the best compromise and ultimately determine the 

most appropriate material and gasket type for the enclosure. These three approaches are 

illustrated below. The underlying message regarding the methodology, is that all the three 

approaches must go hand in hand. 

 

        

Figure 2. Applied triangulation.  
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2.1  Literature Review/Expert Interview 
First, the literature sources are analysed for their suitability and legitimacy. Data is gathered 

onto a document from sources containing relevant information. For this thesis work, various  

up to date sources are referred to. The conducted literature reviews will provide this thesis 

with the following information/data; 

a. Geometric tolerances for enclosure features.  

b. Sealing methods, the most common options.  

c. Enclosure material, the most common option.   

An expert interview takes place in addition to the literature reviewing. The expert answers 

the following question: What is the accepted lifetime of these types of enclosures and how 

frequently might there be service or maintenance actions which require the enclosure to be 

opened and closed? The expert is Pekka Eskelinen from Finland. He is a retired Professor 

from the Aalto University in Helsinki Finland. Professor Eskelinen specializes in Radio 

Frequency components and has several decades worth of experience in the field. On the basis 

of his background, the expert is deemed highly trustworthy for this thesis work. The findings 

of the reviews and interview alone are not enough to finalize this thesis, all of the approaches 

in the triangulation need to be equally considered to answer the research questions. 

2.2  Design for Manufacture and Assembly (DFMA) 
In order to gather data on how well the RF enclosure is designed for manufacturing and 

assembly, SolidWorks is used. The existing design is fully modelled within the software 

after which, the built-in DFMA-module (DFMXpress) performs the analysis. The data 

from the analysis is tabulated onto a document. The SolidWorks models that have been 

made for the analysis can be seen below (Figures 3, 4, and 5). The necessary part 

dimensions are defined in technical drawings (Appendices 1 & 2). 
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Figure 3. SolidWorks model base frame (top side). 

 

Figure 4. SolidWorks model base frame (bottom side). 

 

Figure 5. SolidWorks model cover. 

After reviewing the result of the analysis, the manufacturing methods will be discussed. 

Should there appear a way to make the enclosure easier to manufacture, it will be analysed. 

The only permitted modifications to the enclosure are sealing method and type of material, 

therefore it is more important to consider changing the type of manufacturing method than 

to consider changing the product itself. Finally, this thesis will comment on why such 

analysis’s are useful, while not overlooking any personal observations about the part and 

its manufacturability.  
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2.3   Systematic Material Selection Process    
The systematic material selection process and with literature reviewing go hand in hand. All 

the requirements for a part must be considered, and should there be any that are unknown, 

they need to be researched. The process consist of several stages that are carried out in a 

specific order. The final material is selected by considering all the part characteristics but, 

weighted differently. In short then, the decision is a compromise. Given that a part has 

several requirements it is therefore natural that a compromise must be made in the form of a 

value analysis. In order to determine which factors are more crucial, the literature reviews 

and expert interview must yet again, be referred to. To make sense of the requirements for 

the enclosure, a table with all the said requirements is formed, proceeding to evaluate their 

importance. The stages of the systematic material selection process can be found below 

(Figure 6). The five stages will be followed whilst formulating the results table. Comparisons 

with literature as to what it the most common material for such parts, must not be left out. 

These reviews will help determine the reliability of the selection process. Lastly, special 

effort will be made to account for the unique operating environment and its effects on 

material selection.  

 

 

 

 
 
 
 
 
 
 
 

 
 

Figure 6. Stepwise process of the systematic material selection, translated and modified 
from (Eskelinen & Karsikas, 2013). 
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3  Results 

The results are broken down into three categories representative of the methodology section, 

whereby the different approaches from the triangulation are followed. Nevertheless, the 

literature reviews and expert interview supports all the stages of the report and will provide 

required insight to help answer the research questions. 

3.1  Literature Review/Expert Interview 
In the methodology section 2.1, three research points (a, b, and c) are mentioned. These 

points need to be answered in order to figure out the correct geometric tolerance for the 

enclosure, and to have enough data to successfully conduct the systematic material selection 

process. 

 

a) Geometric tolerances for enclosure features: According to Penta Precision, the most 

appropriate geometric tolerance for enclosures containing electronics is +/- 0.1mm with 

surface finish of Ra 1.6µm. While even lower tolerances can be achieved with CNC 

machines, such is not needed. Furthermore, a fine surface finish is not a requirement for 

such enclosures, so to save costs, the Ra can be around 3.2µm. (pentaprecision, n.d.) For 

holes with threads in the enclosure, the recommended depth is around 2.5 times the hole 

diameter. In order to achieve these tolerances, conventional machining methods such as 

those utilised by a Computer Numerical Control (CNC) machine, are applicable. 

(pentaprecision, n.d.) The manufacturing methods will be solely determined by the 

dimensions of the SolidWorks model.     

 

b) Sealing methods, the most common options: There are three types of options to choose 

from when it comes to sealing the enclosure, (1) a gasket requiring a groove in the sealing 

surface, (2) a gasket requiring flat smooth sealing surfaces or, (3) a viscous spreadable 

sealant requiring flat smooth sealing surfaces. Specifically for RF enclosures, the three 

above mentioned sealing methods can be split into two additional groups, conductive and 

non-conductive sealants (modusadvanced, 2023). As for the enclosure being analysed in 
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this thesis, non-conductive sealants are adequate because, in order for the transmitter to 

function the sealant does not need to close any circuits. According to the Modus team, 

some common gaskets used for RF transmitter enclosures include; Silicone, Neoprene, 

EPDM, Fluorosilicone, Sponge Rubber, and Foam (modusadvanced, 2023). None of the 

common gasket types are viscous and need to be spread over the sealing surface. The 

Sponge Rubber and Foam are type 2 gaskets, and do not require a groove on the contact 

surfaces whereas the rest do. All of the aforementioned gaskets are types of elastomers. 

The Sponge Rubber and Foam are the cheapest and could be replaced every time the 

enclosure is opened, they are also easy to cut and shape to size. The rest of the gaskets 

have good all round sealing properties, but most notably the EPDM upholds good 

weathering, ozone, and heat resistance. (modusadvanced, 2023.) Elastomers are synthetic 

rubbers and therefore can withstand large strain compared to that of fibre or plastic based 

gaskets (Sancaktar, 2018). For these reasons it can is apparent why synthetic rubbers are 

chosen, they will withstand strain and changing ambient conditions, unlike other available 

options. Naturally, the gasket will require the contact surfaces to have adequate flatness 

which compresses the gasket. By considering the geometric tolerance of +/- 0.1 mm for the 

enclosure, this would mean the flatness tolerance for the contact surfaces is 0.2 mm. This 

surface flatness is deemed suitable because the gasket is an elastomer that fills the shape of 

the cavity that it is compressed in.  

 

c) Enclosure material, the most common option: According to A&J Manufacturing, it was 

found that the most common material used for such electronic enclosures is aluminium. 

The main reason for this, is its non-magnetic behaviour, meaning it is capable of blocking 

RF and electromagnetic signals. Furthermore, aluminium has good circuitry and electrical 

conductivity. The property that is of most importance in this thesis work is the weather 

resistance. Aluminium is corrosion resistant, making it a great base material in this 

application. (A&J Manufacturing, 2022.) The systematic material selection process will 

benefit from this information as material properties are one of the key factors in 

determining the best material for the enclosure. Further material properties for aluminium 

include its high temperature and ultra violet light resistance, in addition to its lightweight 

nature compared with other metals (A&J Manufacturing, 2022). 
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In the interview, the expert answered the following question; what is the accepted lifetime 

of these types of enclosures and how frequently might there be service or maintenance 

actions which require the enclosure to be opened and closed? His answer was that, these 

enclosures have been residing outdoors in harsh seaside conditions for over thirty years, so 

it is safe to say that their lifetime is at least 30 years. The largest concern is the gasket or 

sealant itself. The expert mentioned that the type of gasket for the enclosure has remained 

the same ever since its commission. The enclosures are made on demand, so perhaps a few 

each year. A suggestion was made by him, to switch to a synthetic gasket material as 

opposed to the previous, rubber kind. Apparently, the rubber gasket degrades over time and 

shreds into small pieces as a result of elevated moisture content in the air by the sea. The 

high winds and occasional torrents of salt water will over time penetrate the seal. 

Additionally, the expert said that, while maintenance is needed, the enclosure is hardly 

ever opened on site, unless it is damaged and there is a critical need for it to be fixed right 

away. Commonly however, the repairs and maintenance work is done indoors after it is 

removed from the tower it is located on. According to the expert, the contents of the 

enclosure, the transmitter, is valuable and unnecessary contamination with the outdoor 

environment (dirt, moisture etc.) should be avoided. For the enclosure, being easy to open 

is not a requirement but, it must be possible outdoors and onsite if the situation were to 

require it. For these reasons, a viscous spreadable sealing material cannot be chosen.  All in 

all, the results from the interview amount to qualitative data that will help determine the 

appropriate material and geometric tolerance for the enclosure.   

3.2  Design for Manufacture and Assembly (DFMA) 
The SolidWorks DFMA analysis report provided valuable information regarding the 

manufacturing techniques that must be performed to produce the enclosure. Besides the 

techniques, the report also detailed the specific features of the enclosure that will be difficult 

to achieve. Most of the dimensions and features of the enclosure are predetermined by the 

RF transmitter mounted inside the enclosure, and the external connectors mounted outside 

the enclosure. The key takeaway from the SolidWorks DFMA report is that, while many of 

the features may be difficult to manufacture, they cannot be redesigned. Instead of 

redesigning the enclosure, other manufacturing methods need to be considered. The DFMA 

report and its key points will be explained below. 
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The first noteworthy manufacturing consideration detailed in the report was, sharp internal 

corners and inaccessible features. The conventional milling techniques make it difficult to 

produce such features as those illustrated below (Figure 7). The SolidWorks report suggested 

that expensive unconventional methods such as EDM (Electric Discharge Machining) could 

be used for this purpose. Upon careful consideration, EDM seems inappropriate, due to the 

large cost. A more suitable option would be to drill a separate relief hole at the sharp corner 

where the milling tool bit can exit the workpiece.     

 

Figure 7. SolidWorks DFMA report, sharp internal corners and inaccessible features.  

 

The next DFMA report consideration was a hole intersecting a cavity. According to the 

report, this type of feature is difficult to achieve but not impossible, if a special drill bit is 

used. The feature in question can be seen (Figure 8). The drill axis for the hole inside the 

cavity is parallel to the cavity drill axis itself, therefore the feature is possible to make 

given a drill bit that is long enough and has the a great enough hardness value.  
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Figure 8. SolidWorks DFMA report, hole intersects cavity. 

 

The third SolidWorks DFMA report consideration is the depth to diameter ratio for some 

of the holes in the enclosure (Figure 9). The report claims that the such holes will be 

difficult to produce as slender drills are more likely to snap and wander along the surface 

before cutting into the piece. Additionally, the chip removal will be very difficult in this 

case, as the diameter of the hole is so small in relation to its length.  

 

Figure 9. SolidWorks DFMA report, hole depth/diameter ratio. 

 

Finally, the report draws attention to the two mounting holes located near the centre of the 

enclosure onto which the transmitter will mounted. The shallow holes contain sharp edges 

to keep the transmitter centred and they also help remove stress from the retaining screws. 
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Furthermore it is essential that the holes have a flat lower surface as the transmitter rests on 

that surface. If the bottom of the hole is not flat, the transmitter will not remain steady in 

the enclosure. Drilling a flat bottom hole is difficult according to the DFMA report (Figure 

10). A standard drill will produce a cone shaped bottom surface for the hole. In order to 

produce this essential feature, end milling is needed. The diameter of the end mill must be 

smaller than that of the hole. A CNC machine containing an end mill would appear a 

reasonable manufacturing method, suitable for achieving the correct dimensions and 

tolerance.  

 

 

Figure 10. SolidWorks DFMA report, holes with flat bottom. 

3.3   Systematic Material Selection Process  
The selection process for the enclosure material and gasket material is described in the 

methodology section 2.3. The following tables (Table 2 & 3) break down each step of the 

process, by determining the functional property and exact material property for both 

materials. The data from the literature reviews are used to justify the material properties so 

that it supports the functional properties of the product.  
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Table 2. Systematic Material Selection Process Stages 1-3. 
 

Process Stage (1-3) Functional Properties  Material Properties 

1. 
 

ELABORATION 
OF THE 
REQUIREMENTS 
PROFILE 

a)  Three separate parts that 
need to be joined together 
with size/dimensions 
determined by the transmitter. 

a)  The SolidWorks model adheres to the 
transmitter dimensions. 

b)  The surface features of the 
enclosure must provide 
sufficient sealing together 
with the gasket. 

b) Elastomer gaskets require a machined 
groove along the contact surfaces to hold it in 
place. CNC machining methods produce an 
adequate surface finish for the entire part. 

c)  The hardness of the 
enclosure needs to be 
sufficient to protect its 
contents. 

c) All metallic materials are deemed to have a 
hardness sufficient enough with regards to 
enclosure dimensions. 

d) The weight of the enclosure 
and the loads/forces acting on 
it must be evaluated. 

d)  The weight of the enclosure is not critical 
due to its small size and application. The only 
load it must bear is the transmitter itself, with 
estimated weight of 1 kg. External forces 
acting on the enclosure do not pose a threat to 
its rigidity. 

e)  The fasteners and the 
gasket material/type must 
remain sealed in the operating 
environment. 

e)  Threaded fasteners are used. This is 
determined by the transmitter itself. Sealing 
the enclosure requires threaded screws to 
compress the gasket between the contact 
surfaces. 

2. 
 

DECISION ABOUT 
THE SELECTION 
STRATEGY 

a)  Cost effective materials. 

a)  Low cost gasket material: Sponge Rubber 
and Foam (modusadvanced, 2023). Lowest 
metallic material cost factor: Steel 
(coxmanufacturing, n.d.). 

b) Cost effective production 
methods for the enclosure. 

b)  Lowest metallic machining cost factor: 
Brass (coxmanufacturing, n.d.). 

c) The lifespan and operating 
environment of the enclosure 
needs to be specified. 

c) According to the expert, 30 years and 
outdoors by the seaside. Considering the 
lifespan and environment, corrosion resistance 
is imperative. 

d)  The amount of units made 
per unit of time must support 
the supply of material. 

d) A few each year based on the application 
and lifespan. Material supply can be 
guaranteed. 

3. 
 

PRE-SELECTION 
OF POSSIBLE 
MATERIALS 

a)  Comparable enclosures 
should be evaluated. 

a)  Comparable enclosures are made from 
metallic material and utilize synthetic rubber 
gaskets. 

b) Commonly used material in 
similar applications needs to 
be considered. 

b) Aluminium for enclosures, and Neoprene 
for sealants, are commonly used for RF 
enclosures (modusadvanced, 2023). 
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Table 3. Systematic Material Selection Process Stages 4 and 5. 
 

Process Stage (4-5) Functional Properties  Material Properties 

4. 
 

 ELABORATION OF 
THE MATERIALS’ 
PROPERTY PROFILE 

a)  The surface of the 
material must be corrosion 
resistant. 

a) Aluminium, stainless steel, and brass are 
corrosion resistant. For some other metals, a 
corrosion resistant surface layer needed.   

b)  The machinability of 
the material is crucial to 
fulfil the required 
dimensions. 

b) Aluminium, brass, and stainless steel are 
machinable to the extent that they can achieve 
the required geometry and tolerance 
(coxmanufacturing, n.d.). 

c)  The ability to 
encompass the correct 
fasteners is needed. 

c)  Threading is the determined fastening 
method. Brass is most well suited to threading 
(coxmanufacturing, n.d.). 

d)  The balance between 
sections 4. a), b), and c) to 
be determined. 

d) Aluminium, Brass, and Stainless Steel all 
have the required corrosion resistance and 
machinability characteristics, but Brass is also 
well suited to threading.    

e) Durability of the gasket 
material. 

e)  EPDM, and Neoprene all have suitable 
durability for enclosure applications 
(modusadvanced, 2023). 

5. 
 

INTEGRATION OF 
THE 
REQIUIREMENTS 
AND THE PROPERTY 
PROFILES  

a)  The cost of the 
materials/manufacturing 
need to be compared with 
its property profiles 
determined in process 
stage 4. 

a)  Brass has the lowest manufacturing cost 
factor and has the required property profile. 
The material cost factor of Brass is higher 
than Stainless Steel, Aluminium, and Steel, 
but has high scrap return costs 
(coxmanufacturing, n.d.). 

b)  A brief evaluation of 
the life cycle for the 
enclosure and gasket.   

b)  The potential metallic materials for the 
enclosure can be recycled after use, but the 
elastomer gaskets cannot due to their synthetic 
composition.    

 

For each process step, the material properties section specifies which material is most 

suitable for the enclosure and the gasket according to the specified functional property. As 

one proceeds further along the selection process it become more clear which material is 

most suitable. In the 1st process step, it becomes apparent that a metallic material is a good 

choice for the enclosure and an elastomer for the gasket. In the 2nd process step, Sponge 

Rubber and Foam appear to be good candidates for the gasket material due to their low 

price. Similarly, Steel and Brass are considered for their low material and manufacturing 

cost factors respectively. Furthermore, corrosion resistance is noted due to the lifespan and 

operating environment of the enclosure. In the 3rd step, Aluminium is recommended for the 

enclosure and Neoprene for the gasket. The reasoning is their common usage in similar 

applications. In the 4th step, Brass is chosen as the predominant option for the enclosure, 

because it upholds superior corrosion resistance and machinability. Moreover, it is easy to 
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make threads in brass material. As for the gasket, Silicone, EPDM, and Neoprene are 

mentioned for their good durability that is needed in its operating environment. In the 5th 

and last step, Brass is chosen as the ultimate material for the enclosure because, it not only 

has the all of the required properties mentioned above, but also it has a high scrap return 

cost which will help justify its slightly higher cost compared to other metals. Brass is an 

alloy of copper, that contains primarily copper and zinc. Rather than using plain Copper, 

the addition of zinc enhances its corrosion resistance and workability. Finally, it is time to 

select the most suitable type of brass. The different types of brass are distinguished by their 

ratios of copper and zinc composition. For this application, Naval Brass (CuZn40Sn1) is 

selected because of its high corrosion resistance in sea water, good strength compared to 

the other types. The relatively high corrosion resistance is the result of an addition element 

in the material; tin. The amount of tin in the material only corresponds to 1% compared 

with copper that accounts for 60% and zinc 39%. (Ye, 2023.) As the amount of tin in the 

material is only 1%, it can still be considered a Brass metal. As for the gasket, Neoprene is 

chosen because while it has similar durability with EPDM, it is commonly used in similar 

outdoor applications which means it has worked in the past and should be readily 

available. Additionally, its higher price compared with Sponge Rubber and Foam can be 

justified by the need for durability. The Neoprene gasket is a type 1 gasket, it will be 

placed in a groove that is machined along one of the contact surfaces. The groove will keep 

the gasket in place once compressed between the base frame and one of the two covers. 

The groove can be machined on the frame or the covers, but need to be sized according to 

the gasket.  
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4  Discussion 

4.1  Key Findings 
The results from the literature review are both qualitative and quantitative. The quantitative 

results states that the recommended geometric tolerance for the enclosure is +/- 0.1mm with 

surface finish of Ra 1.6µm. This will ensure that the RF transmitter will fit into the enclosure 

and all the holes for the fasteners will align. This is a direct answer to the second research 

question; what geometric tolerance should be set to ensure tightness of the enclosure without 

overlooking its DFMA characteristics? The manufacturing process must abide by these 

tolerances in order to successfully encase the transmitter. Furthermore, the literature reviews 

together with the expert interview provided qualitative data about the enclosure and 

favourable material properties. This information was of upmost importance for determining 

the correct material for the enclosure and gasket, in the systematic material selection process.    

        

The results from the DFMA report provide this work with valuable qualitative data. Apart 

from the four DFMA aspects picked up by the SolidWorks DFMXpress module (Results 

section 3.2), the model should be straightforward to manufacture. The four features cannot 

be altered otherwise the transmitter would not function nor would the pre-existing 

connectors located outside the enclosure. A three axis CNC machining is deemed the most 

appropriate method primarily due to the required tolerances and part geometry. 

Conversely, the four DFMA aspects that were picked up on by the module, might pose a 

threat to the machines operation. It is therefore reasonable to assume, a combination 

between a CNC machine and manually operated machine is required to successfully 

manufacture the RF transmitter enclosure.  

 

Finally, the results from the systematic material selection process were quantitative, 

because a decision was made from categorical data containing material properties. The 

material selection answered the first research question; what is the most appropriate sealing 

method and component material for a coastal RF transmitter enclosure? The answer is, 

Naval Brass for the enclosure and Neoprene for the gasket. Naval Brass was chosen for its 
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material properties. Neoprene comes in the form of an elastomer strand that is placed into a 

groove located on one face of the adjoining contact surfaces. The gasket forms a loop and 

is not detached at any location for that would cause a leakage of unwanted elements. This 

type of gasket was chosen for its durability (compression resistance) and common use in 

similar applications.    

4.2  Comparison with Previous Research 
No previous research can be found on the DFMA characteristics, material selection, and 

tolerances for the enclosure modelled in this study. Understandably, the requirements for 

dissimilar enclosures will be different. The only logical comparison to make is regarding 

the  materials themselves. According to Ontario Gasket, the gasket material Neoprene is 

used in outdoor and seawater applications as highlighted in (Table 4) (ontariogasket, n.d.). 

The same table has further mention of the temperature range of the gasket and its ability to 

resist different elements. The conclusion made by Ontario Gaskets is further justification 

that the choice of Neoprene as the gasket material, in this thesis work, is correct. 

 

Table 4. Gasket material applications, temperature range, and ability to resist elements, 
modified from (ontariogasket, n.d.). 
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The machinability of Brass and the ease of creating threads in it, makes it the eventual 

choice of material for the enclosure.  Furthermore, when comparing the different types of 

Brass, Naval Brass was chosen based on its attractive corrosion resistance property. 

According to Austral Wright Metals, the Brass will lose an average thickness of 12 µm in 

24 years whilst exposed to marine atmospheric conditions (Figure 11) (australwright, n.d.). 

This is further justification that the choice of Brass is fitting because, the expected lifetime 

of the enclosure is around 30 years according to the expert. A loss of approximately 12 µm 

during the lifetime of the enclosure is acceptable as it falls well below the required geometric 

tolerance for the part.       

 

Figure 11. Average thickness loss over time of low corrosion rate metals (including brass) 
in marine atmospheric conditions (australwright, n.d.). 
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4.3  Novelty Value of Results  
The results from all three of the triangulation approaches are primarily applicable to the 

modelled enclosure. The uniqueness of the enclosure and its application marks the outcome 

of this thesis work with novelty value. Upon compiling the tolerance data, DFMA aspects, 

and material selection, the sum of this information is distinctive. The results of this thesis 

will prompt consideration for those manufacturing and designing an enclosure for the same 

purposes and same RF transmitter. Conversely, while the results are heavily influenced by 

the existing design and its application, it is possible to gather data from this thesis to other 

applications such as casings for electric vehicle components. This is a significant field of 

study, as attempts need to be made to improve the reliability of electric vehicles in harsh 

weather conditions.         

4.4  Reliability and Validity of Research  
The method of triangulation was used to answer the research questions. The method 

provided valuable information that is applicable to the modelled enclosure. Seeing as no 

previous research has been conducted on the same enclosure, it is not possible to compare 

results from pre-existing DFMA analyses conducted by others. Therefore, the reliability 

and validity of the DFMA analysis is only possible by considering the quality of the 

software used. SolidWorks is owned by Dassault Systèmes, which serves several 

industries, has over 22,500 employees, and has 12 brands under its ownership, including 

SolidWorks (Dassault Systèmes, n.d.). The company has large global presence and 

recognition so for these reasons, the DFMA analysis can be considered a reliable one. 

When modelling the enclosure itself, the dimensions were taken from an existing model. 

The validity of the model can be verified by tools used to measure the existing enclosure. 

A calliper was used, with an accuracy of ± 0.01 mm, this is less than the geometric 

tolerance needed for to secure the transmitter, thus providing sufficient validity. As for the 

systematic material selection, the process involved comparing material choices for other 

similar applications. Several of the references used for the literature reviews are 

commercial, this may lead to data that is sales oriented. To compensate for this, similar 

data was found from different sources, thus improving its reliability. The commercial 

sources contained information relevant to those seeking to compare different material and 

tolerance requirements for electrical components in various operating environments.  

Publications in the form of books were lacking information relevant to the application, as 
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the enclosure is a unique and unresearched component. For this reason, the expert 

interview was justified in providing some of the enclosure and gasket requirements. The 

expert is deemed a highly reliable source as explained in section 2.1.   

4.5  Follow-up Research Topics  
Further research topics include, finding the optimal type of connector for the antenna and 

power cables that connect to the enclosure. While it is important to have a secure and 

manufacturable enclosure, the transmitter and its function will be compromised if the 

connecting points are not properly sealed. Furthermore, a separate DFMA analysis and 

material selection process could be done on the connectors themselves. The data would 

prompt valuable results, similar to those obtained from this thesis work.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

25 

5  Summary 

The contents of this thesis work is threefold. First, literature reviews and an expert interview 

were conducted to better understand the functional requirements of the radio transmitter 

enclosure under investigation. Second, a DFMA assessment was conducted to understand 

how to make the enclosure, and what features are most difficult to manufacture. Third, a 

systematic material selection was conducted to find the most suitable material for the two 

separate components; the enclosure itself and the gasket. The DFMA assessment of the 

coastal radio transmitter enclosure provided information that is essential to ensure the correct 

manufacturing methods are used to recreate the part. The assessment highlighted which 

specific features of the part are difficult to manufacture and therefore need special attention. 

All in all, the enclosure can be manufactured using a combination of CNC-machining and a 

manually operated drilling machine. While determining the correct manufacturing methods 

is essential, equally important is the materials themselves. Within the systematic material 

selection process, the functional requirements for the enclosure and the gasket were 

identified with the help of literature reviews and an expert interview. A value analysis was 

conducted to compare the most appropriate materials which each other, in terms of 

functionality. Based on the aforementioned, the most suitable material for the enclosure is 

Naval Brass (CuZn40Sn1) and for the gasket it’s Neoprene. Not only did the literature 

reviews and expert interview help with the material selection, it also suggested the most 

appropriate geometric tolerance for the enclosure, +/- 0.1mm with surface finish of Ra 

1.6µm. Finally, that concludes the scope of this thesis work, whereby the correct tolerances, 

manufacturing methods, and materials are determined for the coastal radio frequency 

transmitter enclosure.     
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