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Development of a downlight casing for a modern home design.
Thim Johansson
Linus Nilsson
Department of Industrial and Materials Science
Chalmers University of Technology

Abstract
Lighting in newer homes today is not all about casting light upon the ordinary spaces
in a dark room. Decoration lighting has become more of a thing that homeowners
want to install to illuminate specific parts or objects.

This report presents a product development project where the aim was to develop
a casing for a new 230V downlight located on the window sill. The downlight will
ease the installation work for the electrician since no LED driver is needed, and the
downlight can be directly installed from the power supply.

A market analysis was carried out to find the user needs of the electricians, and
research regarding the different standards and regulations had to be carried out to
fulfill the aims and requirements for the downlight.

A prototype is the result of this project that complies with the customer’s needs
and regulations from the IEC standards. It will go through the different require-
ments it has achieved and what is needed in the further development of this product.

Keywords: Product development, downlight, concepts, illumination, market analy-
sis.
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1
Introduction

Smart homes are becoming more common in today's household environments[1].
The ability to turn on and o� the lights with an application and monitor and regu-
late the energy consumption is sought after by the homeowners.

When building new homes, lighting now is not only for illuminating the house's
dark corners. It has become more of a way to enhance the home's design. Installing
downlights on the window sill to illuminate the decorations in the windows has
become very popular in recent years.

1.1 Background

The small downlights currently on the market and used in window frames are pow-
ered with low voltage DC and therefore require a separate electric drive that converts
the AC to DC. This results in the installation taking more time for the electrician
to perform and therefore costs more money for the homeowners. Because of this,
a company that will be called company Bulb wants to develop a new small smart
downlight that runs directly on 230V AC to save installation time and lets the
customers remotely control the spotlight.

1.2 Aim

The project aims to create a concept of a hidden downlight with the main focus
on its casing for electronics and functions. The electronics in the form of build-
ing electric circuits and programming functions will not be included in this project.
However, the shape and placement of the circuit board can be changed to �t the
design.

The goals of this project will be separated into two parts, product functions, and
market understanding. This will begin with a market analysis to create a basic
knowledge of existing market products. Questions that will require an answer are:

� What are the users' preferences in functions for this type of product?
� What are the customers' preferences in functions?
� What will make this product unique on the market?
� What the dimensional limits of the cover and its required installation space?

Product speci�cations for the concept will �rst focus on the installer perspective
of the product, which in most cases will be towards the electrician. Nevertheless,
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1. Introduction

the importance of user preference is still vital, as mentioned above. The di�erence
between the user and customer here is that the user is the homeowner, and the
customers are the electricians. Here are the initial goals that have been discussed
in the project upstart:

� Research of the required laws and regulations for designing and installing a
230V downlight with implementation in the design

� Create a cover for the design that meets the market demand and expectations

1.3 Limitation

This section will describe the issues that will not be dealt with.

This project is a Master's thesis which means that certain criteria are applied from
the institution written for. The time frame for this project is limited to 20 weeks in
order to entail a total of 30 ECTs worth of work.
Limitations regarding the project are also that the manufacturing and component
design of the circuit design will not be covered. The mobile application will also not
be included in this study.

1.4 Speci�cation of issue under investigation

What properties does the market value the most in a downlight, and what properties
are missing on the current ones on the Swedish market? Is it possible to develop a
downlight that is powered directly with 230V AC, ful�lls all the laws and regulations,
and at the same time appeal to the market?
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2
Theory

This chapter is to gain knowledge regarding the topics and terminology of the
projects and will be used in the upcoming chapters in the report.

2.1 IP classi�cation

This is an IP rating in protection classes from solid materials and liquids. IP stands
for Ingress Protection and is designed for international use by the International Elec-
trotechnical Commission (IEC)[2]. The IP classi�cation contains two digits, the �rst
is for the solid protection and a value between 0-6, and the second is from liquid
with a value between 0-9. The solid digits values meaning are cited below from the
GWP group written by Richard Coombes [3]:

0. No protection
1. Objects greater than 50mm
2. Objects greater than 12.5mm
3. Objects greater than 2.5 mm
4. Dust protected
5. Dust tight

These are the meaning of the digits regarding the liquid protection:

0. No protection
1. Dripping water - vertically falling when mounted in an upright position
2. Dripping water when tilted at 15 degrees, all four positions are tested
3. Spraying water - up to 60 degrees from the vertical
4. Water splash - from any direction
5. Water jets - from a nozzle of 6.3 mm
6. Powerful water jets - from a nozzle of 12.5 mm
7. Submersion of up to 1 m depth
8. Submersion for depth of 1m or more

2.2 Correlated Color temperature

CCT (Correlated Color Temperature) is a scale of the apparent light of a white LED
[4]. This refers to the temperature in Kelvin when heating metal. However, the heat
itself is not measured here, which is why the word "correlated" is used. The �gure
2.1 below describes how the light changes with the CCT.
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2. Theory

Figure 2.1: Color Temperature Scale
Source: Adapted from [4]

2.3 Luminous �ux

Luminous �ux is a measurement of the perceived power of light and is the total
amount of visible light emitted from the lamp. The luminous �ux is measured in
lumen and has the SI unit of lm[5]. Lamps that are bought today usually have an
lm marker that indicates how much light the lamp emits.

2.4 IEC standard

The IEC stands for International Electrotechnical Commission and is a global orga-
nization whose work is to create a neutral and independent standardization platform
for electrical and electronic products. The standards that IEC is bringing forth are
essential for a market that follows the same testing and certi�cation rules[6].

2.5 Beam angle

This is the angle at which the light source is spreading the light while keeping 50
percent of its light intensity and is measured in angle degrees[7]. This is usually used
for LED light focusing towards a spot or direction, e.g., spotlight and downlight.
Figure 2.2 below describe the beam angle.
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2. Theory

Figure 2.2: Description of beam angle
Source: Adapted from [7]

2.6 Insulation classi�cation

The Swedish Electrical Safety Agency states that all electrical equipment that is
energized with dangerous voltage shall have some kind of protection. The di�er-
ent type of protection is divided into three di�erent classi�cations, class one, class
two, and class three. These directives are cited from The Swedish Electrical Safety
Agency[8].

ˆ Class one: Electrical equipment means that the protection against electric
shock is not based solely on the basic/single insulation, but in which an addi-
tional safety measure has been taken by connecting exposed tangible conduc-
tive parts to earth

ˆ Class two: Electrical equipment means that the protection against electric
shock is based solely on the basic/single insulation and an additional safety
measure, such as double insulation or reinforced insulation

ˆ Class three: Electrical equipment means that the protection against electric
shock is based on supplying with SELV from a voltage of at most 50V AC or
120V DC from a protection transformer and that the utility object also does
not generate higher voltage
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2. Theory

Figure 2.3: Di�erence between basic/single isolated cable and double isolated cable

2.7 Electrostatic Discharge

Electrostatic discharge or better known as ESD, is when an electric shock is released
between two objects. An electrostatic charge needs to be built up for an ESD
to occur. The build-up happens when two objects rub against each other, and
one object gets positively charged, and the other gets negatively charged. The
positively charged objects now have a built-up electrostatic charge that can damage
components such as a circuit board[9].
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3
Methods

This chapter describes the methodology used in this project which is divided in two
main parts, market analysis and product development.

3.1 Market analysis

This section will describe how the data gathering methods was implemented and
how they were customized for this project [10] [11]. The data gathering processes
have two separate categories, quantitative and qualitative. These categories include
di�erent methods commonly used for each category, e.g., in-depth interviews and
focus groups as qualitative and surveys as quantitative. However, these methods
do not necessarily need to be speci�ed in that category. It depends on how they
have been conducted, but they are usually categorized like this. One example of
this can be the selection of the participants the data is collected from, experts from
a particular subject, a potential customer, or randomly.
The main focus of this analysis is to understand the installation process and users
of this product segment. Through a deeper understanding of who the customer
is and how the products are used, the customer needs can be identi�ed [11]. The
goal is to see if any latent needs can be found to exploit in the development of this
product to improve on existing market. Here data needs to be interpreted from a
customer statement to a customer need. However, because of the discretion of the
project, the search has its limitations on where and how the information is gathered.
It also concerns how the information is stored relative to GDPR and the person's
preference in data gathering within the research area. It a�ects if it is possible to
video record, take pictures, etc.

3.1.1 Survey

A survey was conducted using Google Forms and posted on forums or Facebook
groups that interact primarily with electricians. This survey has been categorized
as a quantitative method where the number of participants has an excellent impact
on the reliability and credibility of the data. However, it focuses on participants
who are educated within this area of expertise, but the experience within their oc-
cupation is random. This survey aimed to create an understanding of the miniature
downlight market with a focus group of electricians. This is because the major-
ity of the installations in Sweden regarding lighting are done by electricians or at
least individuals with some background knowledge. However, because it can not
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3. Methods

be certain that only electricians have an understanding of the topic, the survey was
designed in such manner that di�erent questions were shown depending on the given
answer. This was done by asking the participant if they are or have been an elec-
trician; if yes, the assumption was made that the individual had pre-knowledge and
understood topic questions and gave access to all research questions. If the partici-
pants are not electricians, they will be informed of the topic and asked if they have
pre-knowledge. This will exclude questions about the installation compared to the
electricians. Otherwise, the questions will be the same but sorted in a di�erent par-
ticipation category. This is mainly to categorize the participants into three di�erent
experience level groups. Therefore, none of the categories are excluded because they
might have lower credibility regarding the installation process. This is because the
end customer does not always have the most knowledge of the product. However,
their preferences are still essential for the speci�cations that can in�uence a future
purchase of the product.

These are the research questions that are presented in the survey:
1. Are you working as an electrician or, have you ever worked as an electrician?

(Yes or No)
2. Have you installed a downlight in a window sill before? (Yes or No)
3. If yes, how often do you install downlights in the window sill at customers

with a rating of 1-5(5 is often)?
4. Which brand of downlight do you prefer when installing it in the window sill?

ˆ Hide-a-lite
ˆ SG
ˆ DesignLight
ˆ or other (add name)

5. Which model do you often install?
6. Does the customers / yourself prefer a warmer or colder temperature color

temperature? Scale from 1-10 were 1 is 2000 and 10 is 6000 Kelvin
7. How much does the price e�ect the choice of downlight? Scale of 1-5 were 5 is

the highest.
8. How much does the mechanical design e�ect the choice of downlight? Scale of

1-5 were 5 is the highest.
9. How much does the aesthetic design e�ect the choice of downlight? Scale of

1-5 were 5 is the highest.
10. Which beam angle does the customer usually prefer? Scale from 1-5 were 1 is

15 and 5 is 120 degrees.
11. Do you feel that there are any functions that are missing or are favorable in

the current design of downlights? (open-ended question)

8



3. Methods

3.1.2 Interviews

Two in-depth interviews have been conducted under this process along with several
minor interviews or discussions. These interviews are categorized as a qualitative
method in the data gathering process. This is because of the expertise in the subject
of the interviewee and the open-end questions that can clarify and bring forwarded
unknown knowledge gap of the subject. Both interviews have been documented
through notes; the reasoning for this was because of privacy and the circumstances
risked that recording could interrupt the natural conversation and create more dis-
comfort.
The �rst in-depth interview was conducted as a group interview with two persons
with an electrician background for several years. It could have an negative a�ected
of putting words in each others mouths and therefore risking to miss valuable infor-
mation and expertise from an individual. However, this created a discussion between
the two individuals instead, and because it was in the early stage of the project, it
gave a piece of broad basic information and individual di�erences or if they have the
same experience. The objective of this interview was to create an understanding of
the installation process, what products they prefer and dislike on the market, the
pros and cons of those di�erent products, and �nally, what features or functions
today's products are missing. It was to create an understanding of the customer,
the user and the fundamental properties that �nalize a purchase of the product. The
second in-depth is an individual interview was with an electrician who is currently
working as a salesman. This interview had the same content and objective as the
�rst. However, the individual's current occupation gave a new perspective on the
purchase process and communication between an electrician and end customer.

3.2 Product Speci�cations

Market analysis is the wishes of the consumer and describes the customer's needs.
This part of the process is to translate the customer needs into metrics. The goal
is to create precise and measurable speci�cations and understand the relationship
between needs and metrics [11]. However, it is crucial to understand that one
customer's need can be translated to several metrics to ful�ll its purpose and un-
derstanding. This will then include implementing a target speci�cation list, a com-
petitive benchmarking, and a patent search.

3.2.1 Target speci�cations

This table of content will go through the metrics created and refer to the customer
needs. Each metric is given a metrics number that is connected to a customer
need reference, a marginal and ideal goal value, a unit used for that metric, and
an importance level [11]. The project group added a justi�cation, veri�cation, and
laws and standards chapter. This is to follow that reference and reasoning behind
every chosen metric value, how it will be con�rmed, and the regulations needed to
be approved for a safe product.

9



3. Methods

3.2.2 Benchmark

The benchmark has been split into two parts, brands and products on the market
and product design. The �rst objective is to view the current products on the
Swedish market regarding more miniature downlights that �t in a window sill. The
constraints in the search were a diameter of a maximum of 40 mm or a hole size of 30
mm, and output between 1 to 3 Watts. These measurements within the constraints
were to �t the downlight in a window sill without taking up too much space and
have an unobtrusive design.

Part two is designed focused on where some of the products will be purchased for
disassembling to gain knowledge of their development process. The purpose is to
get inspiration from how they are designed and their assembly and quality feeling
when installing and using the product. However, all products can not be bought
and tested. Therefore, small sample size will be created based on unique design and
survey results as a reference.

3.3 Product development methods

Products within home electronics have high safety standards, depending on the
insulation classi�cation. These safety standards are open for interpretation, and
it is not always clear how to apply them to a physical product. Therefore, an
LPD (Lean product development) and Agile have been a good inspiration when
planning the process strategy in this type of project. It has had the inspiration
of working closely to the standards and customer's satisfactions as well working
iterative similar to scrum sprints [12]. However, these iterations are not performed
as Agile scrum sprints in terms of using a scrum master or a product owner. A
reason for this is the small number of group members but also because each iteration
is to solve equally the same product requirements as best as possible, instead of
changing function and target [13]. Many of the product requirements and functions
are highly interacting with each other and therefore need to be tested synchronized
and frequently. However, an LPD approach of frequently testing functions was
applied for learning purposes and understanding of the solutions before the overall
concept assessment [14]. These iterations did not have any speci�ed time limit
when they started and were therefore more inspired by the kanban method, where
following a backlog of what is needed to be done and with a WIP limit of each
person to follow the process [15]. However, the iteration had a basic structure as of
PDCA (plan, do, check, Adjust) methodology from Agile thinking. It has started
with the preparation of planning the future iteration, execution of the plan, review
of the results, and then how the next iteration can be improved [16]. Figure 3.1
shows how an overview of the process �ow that has been conducted in this project.
However, the building process in this tree has mainly been �nalizing the prototype.

10



3. Methods

Figure 3.1: Project product development process scheme

3.3.1 Problem decomposition

This part is about better understanding the product and problems that need to be
solved. It is done by breaking down the product into di�erent functions and sub-
functions. The purpose of breaking it down in this manner is to simplify a complex
problem into understandable sub-problems. Then �nally, to be able to combine all
solutions into one product instead of focusing on everything at once. This enhances
the process by focusing on solutions instead of obstacles.

A morphological matrix is used to structure the identi�ed conceivable solutions of the
functions and sub-function. The di�erent functions and sub-functions are gathered
in the �rst column the possible solutions are gathered in the di�erent rows. This
makes it easy to get an overview of the di�erent solutions and combine several
sub-functions and their solutions into plausible concepts[17].

11



3. Methods

3.3.2 Design concept

This part was to �nd solutions to the functions using external and internal search,
then add them to the morphological matrix. Starting with the external search is to
�nd already existing products or parts of the products that solve the same functions.
The internal search is to generate own ideas using brainstorming techniques [18]. It
was �rst done individually not to be interrupted or have the person's idea "infected"
with anyone else. Secondly, the group will gather and go through the ideas for each
other, and the others will comment on improvement that can be made and write
down if it generates new ideas. These ideas were then sketched and, if not too
time-consuming, drawn in the CAD program using Solidworks.

With the help of the morphological matrix, di�erent function combinations were
matched, and di�erent concepts were created. It was done similarly to the concept
combination table but in the morphological matrix [11].

Most of the concepts are sketched using Solidworks to understand how and if the
function combination can work together. This is important to understand because
of space issues. Creating more detailed designs will give a clear answer and generate
new designs and ideas where problems and functions are clashing. These designs
are created using an assembly to add and create all parts needed for that concept.
This design process gives a faster response if any of the functions, including di�erent
parts, clash or include a more complex solving than initially thought. Each concept
is drawn by one individual using this method. This is to have one individual who
creates expertise within that concepts speci�c function combination. It is a continu-
ous communication of the learning regarding the design, both obstacles and success
between the individuals. This is to speed up the knowledge gap in the group and
improve each iteration of testing new combinations and new ideas.

3.3.3 Validation process

Testing each concept was done in two phases, expert review and physical tests on 3D
models. The expert review is a meeting including experts within each product area
from the company, e.g., mechanical team, electronics, and laws&regulations. The
main focus of this meeting is to review the concepts to compare if they ful�ll the
target speci�cations. This process includes reviewing the target speci�cation list to
determine if some regulations or company standards need to be added or neglected.
The review of each concept included pros and cons and new ideas to improve the
next iteration.
The physical test is performed continuously, testing the new ideas' functions. This
is main containing 3D printing and testing an idea performs as though. However,
this was mainly done on scaled products because the small size where limited on the
resolution of the FDM (Fused Deposition Modeling) machines.
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3. Methods

3.3.4 Concepts �nalization

This process is to �ne-tune the �nal concept and change minor parts in the design.
This is to make sure that every part �tting size is correct and that the design can
be manufactured as a prototype. There is a design for manufacturing thinking from
the start, but this is about minor parameters and a more detailed design for the
�nal prototype.
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4
Market Analysis

This chapter will go through the results in the market analysis from the tools used
from chapter 3.1.

4.1 Survey results

The survey resulted in 206 participants, with a high percentage of experts within
the given �eld. Figure 4.1 percentage of the participants that are or have had the
occupation as an electrician. This is a number of 187 participants that have the
experience as an electrician; �gure 4.2 displays the percentage of how many the
electricians have installed a down-light in a window sill.

Figure 4.1: Percentage of elec-
tricians participating in Survey

Figure 4.2: Percentage of
how many of the electricians
that have installed down-light
in a window sill

This means that the participants have a higher level of expertise within the area,
which can construe an increased quality of each answer. However, a majority of
the participants state that installing downlights on a window sill is not a standard
installation and are rating it as a value of 2 on a scale of 1-5, as shown in �gure 4.3
below. Even if it is not common for most electricians, some frequently perform this
installation. This can be interpreted in more than one way, e.g., that the experience
of this installation di�ers a lot within the same occupation or an interpretation of
how large the market is for more miniature downlights and if it is a market share
worth spending more or less investment on development.

15



4. Market Analysis

Figure 4.3: This graph display how frequently a downlight installation in the
window sill occurs on a scale of 1 - 5, were �ve is often

When comparing which products that electricians are mostly installing, an over-
whelming majority uses a brand called Hide-a-lite on the Swedish market shown
in �gure C.1 below. The company has a wide range of di�erent downlights, with
di�erent speci�cations within the same model, e.g., di�erent color temperatures and
beam angles. However, Hide-a-lites' model "Core" is the most common product
among the models.

Figure 4.4: Most installed down-light brands currently on the Swedish market

The next part is about understanding the preferred speci�cations regarding CCT
and beam angle selection. However, this does not take into consideration if the
brand and model are selected at this point. The reason for this is because the exact
beam angle values di�er slightly between brands, and answers in a more general
term are the main objective. The results in this part show that when it comes to
beam angles, an absolute majority selects an angle around 45 degrees, which can
be seen in �gure 2.2. However, analyzing the answers of CCT (correlated color
temperature), the results that the preference is not that clear, displayed in �gure
4.5. Warmer light is the most popular and declining towards a cold light between
the spectrum of what is currently on the market.

16



4. Market Analysis

Figure 4.5: Number of answers
regarding beam angle on a scale of
1 - 5, were 1 is 15 degrees and 5 is
120 degrees

Figure 4.6: Number of answers
regarding CCT on a scale of 1 - 10,
were 1 is 2000K and 10 is 6000K

Understanding what design features are important in this product is key. A compar-
ison of practical design regarding installation and usage and aesthetic design. The
results are shown in �gure 4.14 and 4.15 below.

Figure 4.7: Number of answers
regarding practical design on a
scale of 1 - 5, were 5 is important

Figure 4.8: Number of answers
regarding aesthetic design on a
scale of 1 - 10, were 5 is impor-
tant

Finally, the question was to understand how price sensitive the market of small
downlights is. Accordingly to this survey, the results show that it is a middle value
and that the pricing has compensation for other quali�cations; �gure 4.9 below
displays the results.
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Figure 4.9: Number of answers regarding pricing on a scale of 1 - 5, were 5 is
important

4.2 Benchmark results

As mentioned in chapter 3.2.2, this benchmark has been split into two parts, under-
standing the product speci�cations and product design, and to compare their sim-
ilarities and what di�erentiates the speci�cations between the products. The spec-
i�cation between the di�erent brands is similar, with few parameters that change.
The majority of the brands have products with a beam angle between 15 to 120 de-
grees, an output of 1 - 1.2 Watt, a color temperature of 2700 - 3000K, and a current
of 350mA. This means that the leading product segment is driven by a continuous
current with a voltage of 12 - 24V, needing an LED driver. The competitor bench-
mark also revealed that most of the models out on the Swedish market are made to
�t holes 25mm in diameter. However, the height of each brand and model di�ers
widely and depends on which beam angle is speci�ed for that model. Figure 4.10
below shows a sample of the benchmark analysis, and the entire table is in appendix
A.1.

Figure 4.10: Small part of the benchmark analysis, most installed down-light
brands, number of participants that selected the most common brand

Part 2 of the benchmark was to order and disassemble the di�erent products. Which
ones were ordered were based on the discovery of what was found in part 1 and the
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results from the survey. Firstly at-least one of each brand was needed to view each
manufacturer. Then more were ordered from the same brand if they had more
products with a signi�cant design change, and the products with a high popularity
result from the survey with more products with di�erent beam angels were ordered.
Figure 4.11 below shows a sample of the disassembled products and how some of
the parts di�er in design.

Figure 4.11: Disassembly of competitive products

Before the di�erent products were disassembled, all products were installed on a
testbed shown in �gure C.1. This was to understand how the installation works and
the simplicity perform it using their instructions and how they performed, and the
aesthetic design after installation.

Figure 4.12: Testing of competitive products
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