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Abstract

This master’s thesis was conducted at Linköping University in collaboration with a
Swedish photography and cinematic light developing company. This thesis investigates
the development of Ingress Protection (IP) rated products tailored for the film industry,
with a focus on enhancing sealing solutions for specified common critical interfaces. It ex-
plores the application of Rapid Validity Testing (RVT) as a practical and efficient tool to sup-
port the design and validation of these solutions. A mixed methods approach, including
literature review, interviews, industry benchmarking and hands on testing was employed
to identify current challenges and best practices. Custom test rigs were designed for eval-
uating dust and water ingress, enabling real world RVT applications that revealed optimal
sealing strategies. The research highlights RVT’s value in scenarios where datasheet infor-
mation is insufficient or where high risk design concepts would typically be dismissed. The
findings demonstrate that RVT could accelerate decision making, promote innovation, and
enhance reliability in product development. The thesis concludes with actionable recom-
mendations for integrating RVT into Company X’s workflow, including optimized cable
entry designs, proposed sealing solutions for future products and general guideline for
designing IP rated products.
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1. Introduction

This chapter introduces the study by presenting the background and problem description,
along with an overview of the company, the objectives, research questions, and the study's
limitations.

1.1 Background

When designing electrical products, it is not suf�cient to focus solely on meeting functional
requirements. The product must also operate reliably in its intended environment and with-
stand potential external in�uences. This consideration becomes especially critical when the
product is designed for outdoor use. To communicate a product's ability to handle such
conditions, companies assign it an Ingress Protection (IP) rating. An IP rating provides a
standardized measure of how ef�ciently a product is protected against the ingress of solids,
such as dust, and liquids, such as water. Determining the appropriate IP rating for a product
depends on its intended use, environmental demands and market positioning. In many cases,
a minimum rating is required to ensure durability in its operating environment. However,
achieving a higher rating can provide a competitive edge by enhancing reliability, expanding
market appeal and reinforcing consumer con�dence.

Until now, Company X has primarily developed products for indoor studio environments.
Consequently, their products are designed with a low or no IP rating to reduce costs and
complexity. However, as the company transitions into a new industry, some of their fu-
ture products will need to endure more demanding environmental conditions, ranging from
heavy rainfall to exposure to sand and dust.

1.1.1 Company X

Company X is in the camera-lighting industry and they are world leading with their �ashes
and light shaping tools. They have since their founding �fty years ago strived to create cut-
ting edge technology which today connects camera, app and light seamlessly and invisibly.
Company X have a wide range of expertize in mechanics, software and production which
contributes to products with high quality. Recently Company X entered the �lm industry,
adding new challenges to their product development while still trying to maintain their sta-
tus within studio photography.

1



1.2. Objective

1.1.2 Problem Description

The �lm industry differs signi�cantly from static studio photography, particularly in the chal-
lenging outdoor environments where movies are often �lmed. These environments can range
from heavy rain to strong winds carrying sand and dust. To ensure their products can be used
and marketed in the �lm industry, Company X must design them with higher IP rating com-
pared to their current product line.

The company has identi�ed certain interfaces on their products that are at a higher risk of
being affected by external in�uences, such as water and solid particles. Examples of these
high-risk interfaces include buttons, encoders, and cable inlets.

With multiple teams working in parallel on different products intended for the �lm industry,
the company requires standardized solutions that can be implemented across all products,
rather than developing custom solutions for each individual product. Furthermore, when a
standardized solution is not feasible for a product, Company X wants the ability to test its
own sealing solutions for IP in-house before pursuing certi�cation.

1.2 Objective

The primary objective of this thesis is to develop a robust method for testing and evaluating
critical interfaces in accordance with a speci�ed IP rating. The �ndings from these evalua-
tions will inform targeted design recommendations for these interfaces, ultimately culminat-
ing in a comprehensive design guideline that the company can reference in future product
development.

1.2.1 Research questions

Research questions (RQ) are presented below to describe the goal of the thesis.

RQ1: What IP rating should a product intended for the �lm industry be designed after?
The research question investigates what speci�c IP rating is suf�cient for a product that have
to withstand the outside environment associated with �lm and cinema production. This will
be evaluated by interviews, literature research as well as benchmarking other product within
the same industry.

RQ2: What critical interfaces will exist on future lights intended for �lm, and how can these be de-
signed so that they achieve the speci�c IP rating?
The research question explores the different solutions that can be used to ensure that criti-
cal interfaces doesn't interfere with a desired IP rating while still retaining their necessary
functions for the product. Additionally, the research question delves into how the solution
becomes sustainable, enabling disassembly of the product for internal maintenance.

RQ3: How can an in-house, cost ef�cient and feasible method to test sealing of a critical interface for
a speci�c IP rating be conducted and validated?
The research question explores how companies can independently perform an IP test to gain
valuable insights into product development, ensuring it meets their speci�c requirements
related to the IP rating. This is assessed through research into measurements for different IP
ratings and a comparison to an IP certi�cation.

2



1.3. Limitations and Delimitations

RQ4: What is the bene�t of using Rapid Validity Testing as a method to design products for a cer-
tain IP rating? The research question explores the use of Rapid Validity Testing as a method
within the design process, focusing on how it enables early and ef�cient evaluation of design
concepts. It also examines the effectiveness of this approach in achieving compliance with
speci�c IP rating requirements.

1.3 Limitations and Delimitations

The scope and constraints of the study are directly linked to the limitations and delimita-
tions of the thesis, outlining what has been intentionally excluded or restricted. The speci�c
limitations and delimitations relevant to the thesis are detailed below.

• The study has a set time constrain of 20 week during the spring of 2025.

• The study is constrained by the budget given from Company X á 25 000 SEK.

• Neither additional letter or supplementary letter will be taken in consideration when
selecting the recommended IP rating for the critical interfaces.

• Only critical interfaces will be tested not the entire products.

• The test method is speci�cally designed to test ingress of dust and water separately,
excluding the integration of additional tests, such as heat resistance.

• The test method is made for in-house rapid validation testing and is not intended as a
substitute for IP certi�cation.

• Testing complies with IEC-standards and not regional standards, such as ANSI or
NEMA.

• The term "IP rating" will be used consistently, despite alternative terms such as "IP
Code" also being commonly used in other contexts.

3



2. Theory

This chapter presents the theoretical framework used in this project. It includes sections on
ingress protection (IP) and the methods used for IP classi�cation testing, factors in�uencing
products on �lm sets, sealing solutions, and emerging trends and legislation.

2.1 Ingress protection

De�ned by the International Electrotechnical Commission (IEC) under the international stan-
dard IEC 60529, Ingress Protection or IP rating is a system used to describe the degree of pro-
tection for an enclosure of electrical equipment (IEC, 2013). The IP rating is represented by
two characteristic numbers. The �rst number indicates the degree of protection against solid
foreign objects, while the second indicates the degree of protection against harmful ingress
of liquids (Bloch, 2009), see Figure 2.1. The �rst characteristic number, describing protection
from solid objects, ranges from 0 to 6, with higher values indicating greater protection. Sim-
ilarly, the second characteristic number, which pertains to liquid ingress protection, ranges
from 0 to 9, with higher values also denoting greater protection. The value 0, or sometimes
represented as "-", signi�es that the product provides no protection in that category.

Figure 2.1: Visualization of IP rating

If a product has not undergone the necessary testing to determine its IP rating, the letter "X"
is used in place of a characteristic number (IEC, 2013). For example, IP5X indicates that the
product has been tested only for protection against solid objects, with no testing conducted

4



2.1. Ingress protection

for liquid ingress. The tables below outline the criteria corresponding to each value in the IP
rating.

Table 2.1: Degrees of Protection Against Solid Objects (First Characteristic Number)

Code Brief Description De�nition

0 Non-protected No protection against solid objects.

1 Objects¥ 50 mm Ø The object probe (sphere of 50 mm Ø) shall
not fully penetrate.

2 Objects¥ 12.5 mm Ø The object probe (sphere of 12.5 mm Ø) shall
not fully penetrate.

3 Objects¥ 2.5 mm Ø The object probe (sphere of 2.5 mm Ø) shall
not penetrate at all.

4 Objects¥ 1.0 mm Ø The object probe (sphere of 1.0 mm Ø) shall
not penetrate at all.

5 Dust-protected Dust may enter in small quantities but not
enough to interfere with the device's opera-
tion or safety.

6 Dust-tight No ingress of dust allowed.

Table 2.2: Degrees of Protection Against Water (Second Characteristic Number)

Code Brief Description De�nition

0 Non-protected No protection against water.

1 Vertically falling drops Vertically falling water drops shall have no
harmful effects.

2 Falling drops (15° tilt) Vertically falling water drops shall have no
harmful effects when the enclosure is tilted
up to 15°.

3 Spraying water Water sprayed up to 60° from the vertical
shall have no harmful effects.

4 Splashing water Water splashed from any direction shall have
no harmful effects.

5 Water jets Water projected in jets from any direction
shall have no harmful effects.

6 Powerful water jets Water projected in powerful jets from any di-
rection shall have no harmful effects.

7 Temporary immersion Ingress of water in harmful quantities shall
not occur when temporarily immersed under
standardized conditions.

8 Continuous immersion Ingress of water in harmful quantities shall
not occur under continuous immersion in
conditions agreed upon by the manufacturer
and user.

9(K) High temperature jet sprays Wash-downs or steam-cleaning procedures,
this rating is sometimes referred to the letter
K instead.

The IP rating may also include an additional letter and a supplementary letter, both of which
are optional. Additional letters are used in two speci�c cases:
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• When the actual protection against access to hazardous parts exceeds the level indicated
by the �rst characteristic numeral.

• When only the protection against access to hazardous parts is speci�ed, with the �rst
characteristic numeral being replaced by an "X".

The supplementary letter provides additional information about the product's standard or
intended use. For example, the letter "H" denotes high-voltage apparatus, while "W" indicates
suitability for speci�ed weather conditions (IEC, 2013).

2.1.1 The IP classi�cation dilemma

A high IP rating is often associated with a long lifespan in moist and dirty environments, but
this is a misconception, as longevity is not what IP testing evaluates. The IP rating speci�cally
tests for the ingress of solids and liquids while excluding design solutions like drain holes,
which could actually reduce a product's lifespan (Jacobsen, 2015). IEC 60529 explicitly states
that water inside an enclosure due to condensation should not be considered a test failure
(IEC, 2013). This is because the IP rating assesses ingress protection, not the long-term dura-
bility of the components inside the enclosure. This means that the IP rating can not by itself
prove a design as successful (Jacobsen, 2015).

2.2 The �lm industry environment

Compared to the controlled environment of an indoor studio, lighting equipment used in
the �lm industry must endure a wide range of external conditions. A sales representative
at Company X, who has over 15 years of experience working with �lm industry lighting,
explains that using non-weatherproof lights signi�cantly limits the ability to shoot outdoors
in rain or dust. It also increases the risk of production delays or cancellations due to un-
favourable weather conditions. Also Julia Stebleva (2024), who works for the �lm making
tool Filmustage, concludes that weather plays a critical role in �lm production. It can impact
the shooting schedule signi�cantly and overall project ef�ciency. Her technical solution to
this is to invest in weather-resistant equipment (Stebleva, 2024).

According to the sales representative at Company X, it is common practice to position lights
outside buildings to simulate natural sunlight, often requiring them to remain exposed for
extended periods. They also note that today's customers are aware of the IP rating system
and generally consider anything below IP65 as not fully weatherproof. While IP65 is now
regarded as the industry standard for all-weather protection, the representative believes that
moving beyond this rating, such as to IP66, would offer little marketing advantage, as most
users already perceive IP65 as suf�ciently durable for outdoor use.

2.3 Testing for Ingress Protection

To achieve an IP rating for a product it has to be tested by a third party, usually done in a test
lab (Bloch, 2009).
Unless otherwise speci�ed in the relevant product standard, the tests should be carried out
under the standard atmospheric conditions described in IEC 60068-1 (IEC, 2013).
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The recommended atmospheric conditions during the tests are as follows:

• Temperature range: 15 °C to 35 °C

• Relative humidity: 25% to 75%

• Air pressure: 86 kPa to 106 kPa (860 mbar to 1 060 mbar).

Unless otherwise speci�ed in a relevant product standard, the test samples for each test shall
be in a clean and new condition, with all parts in place and mounted in the manner stated
by the manufacturer. However, if testing the complete equipment is impractical, test samples
shall be smaller components or representative parts incorporating full-scale design details.
(IEC, 2013)

2.3.1 Testing for the ingress solid objects (IP6X)

When testing the ingress of solid objects for products with usage in an outdoor environment
it is believed that IP5X and IP6X simulates real-world conditions the best. With these ratings
the manufacturer assures the user of protection against particulates ranging from large debris
to �ne dust, without damaging internal systems. Although, with IP5X a speci�cation from
the manufacturer is needed, stating the amount of dust that will interfere with the operating
module. To accord for this, large-scale testing is required to ensure the amount will not impact
the module's performance negatively over its life expectancy. Therefore, it is recommended
to test for IP6X since the pass/fail requirements are more established while also resulting in
a more robust design (Ellis, 2014).

IEC60529 testing protocols assess materials based on their capacity to block particulates mea-
suring 50 micrometers (µm) or larger (IEC, 2013). However, Robinson (2018) addresses that
electronic devices used outdoors interact with smaller particulates than 50 µm, ranging from
1 to 30 µm, and thereby testing should proceed with dust measuring around the lower bound.

To test for a completely dust tight IP6X enclosure, a dust chamber and a powder circulation
device is used. A dry talcum powder is introduced into the circulation device, which is then
switched on to generate a dust cloud inside the chamber. The talcum powder used must pass
through a square-mesh sieve with a nominal wire diameter of 50 micrometers and a gap of
75 micrometers between wires. The required talcum powder quantity is 2 kg for every cubic
meter of test chamber volume, and it must not be reused in more than 20 tests (IEC, 2013).

For IP6X the test enclosure has to be a so calledCategory 1enclosure. This means that the
pressure inside the tested enclosure are maintained below the atmospheric pressure inside
the chamber. This is also called a depression or a negative pressure. The purpose of this
depression is to make the talcum powder particles draw into the enclosure, to ensure a tight
seal. The maximum pressure difference between the inside and the outside of the enclosure
is 2 kPa (20mBar). The hole that is used to remove the air inside the chamber has to be made
specially for the test, and if nothing else is speci�ed, close to the products high-risk interfaces
(IEC, 2013).

The test is run for a certain length of time, depending on the extraction rate. The extraction
rate is expressed in multiples of the enclosure's own volume per hour (IEC, 2013). The two
ways to perform the test are as follows:

• If the extraction rate is 40–60 V/h, you test for 2 hours total.
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• If it's below 40V/h (even at the allowed maximum vacuum), you continue until you
have drawn 80 V of air through the enclosure or 8 hours have passed, whichever comes
�rst.

To validate that the test achieved an IP-rating of IP6X no deposit of dust is visible inside the
enclosure after the test is �nish (IEC, 2013).

Kummerl et al., 2019 performs an IP test for a OCQFN humidity sensor and compares differ-
ent adhesives as sealing solutions in the process. In their study they present an approach on
how to ful�l the vacuum requirement by developing a unique component and �xture which
the test unit is placed on (Kummerl et al., 2019). Before the testing ensues, Kummerl et al.,
2019 exposes the adhesives to various environmental stress in order to replicate an end of life
performance.

2.3.2 Testing for the ingress of liquids (IPX5)

IPX5 and IPX6 both test water exposure using pressure jets, the main difference being the de-
livery rate. IPX5 simulates a regular rainstorm, while IPX6 represents a driving thunderstorm
or a high-pressure cleaning system (Ellis, 2014).

To test for IPX5 the enclosure is sprayed with water from all possible directions using a stan-
dardized nozzle. The nozzle should have an internal diameter of 6,3 mm and a delivery rate
12,5 l/min ± 5 % and the pressure is then adjusted to �t the delivery rate. The distance from
to nozzle and the test enclosure should be between 2,5 - 3 meters. The tests are always con-
ducted using fresh water. In test for IPX6 or lower the temperature of the water shall not
differ by more than 5°C from the temperature of the enclosure (IEC, 2013).

The test duration is depending on the size of the enclosure tested and can be calculated as
1 min/square meter surface area, with a minimum test duration of 3 minutes. The surface
area is calculated with a tolerance of 10%. When inspecting the enclosure after the test, dew
created from moisture condense during the test, shall not be mistaken for an ingress of water.
(IEC, 2013)

Borra and Standish (2024) develops a waterproof hearing aid that takes ingress protection
in every layer of the product into account. Borra and Standish (2024) follows an inside out
design strategy, analyzing every layers point of entries and �nding an applicable sealing
solution. They conduct multiple tests according to IEC 60529 for protection against water
ingress, increasing the IP rating for every test. Additionally, Borra and Standish (2024) tests
for protection against environmental elements, such as sweat, salt and condensation, further
improving the reliability of the hearing aid.
He et al. (2024) expresses the need for additional preparation of the test sample before a water
ingress test to further enhance the reliability of an electronic device. According to He et al.
(2024) the device should go through tests associated with solar radiation, tumble, mechanical
ageing, salt fog, temperature and humidity cycling to mimic the conditions the device will
experience throughout its lifespan.

2.4 Additional ingress protection standard for luminaires (IEC 60598-1)

The IEC has an additional standard, IEC 60598-1, which outlines speci�c requirements for
testing the IP rating of luminaires. While the testing procedures are largely similar to those for
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other objects under IEC 60529, certain distinctions must be taken into account. The primary
difference is that luminaires must be switched on and allowed to reach a stable operating
temperature before testing. During the test, the lamp is switched off, allowing the luminaire
to cool while being evaluated. Additionally, the standard speci�es that luminaires should be
mounted and wired as they would be in normal use and positioned in the most unfavourable
orientation. (IEC, 2020).

2.4.1 Testing for the ingress of solids in luminaires

The test requirements for the solid ingress test are largely the same as those described in
2.3.1. The primary difference is that the luminaire is placed inside the dust chamber while
still operating. First, the circulation device inside the chamber is turned on, and after one
minute, the luminaire is switched off. It is then allowed to cool inside the chamber for 3
hours while the circulation device continues to run. (IEC, 2020).

2.4.2 Testing for the ingress of liquids in luminaires

The nozzle size, delivery rate, and distance between the enclosure and nozzle remain the
same as for any other object described in 2.3.2. However, unlike IEC 60529, which requires
the water temperature to be within 5 °C of the enclosure temperature, luminaires must be
tested with water maintained at a consistent 15 °C ± 10 °C.

As soon as the luminaire reaches its operating temperature, it is switched off and subjected
to a water jet. Unlike IEC 60529, which adjusts the test duration based on the object's size,
the luminaire standard prescribes a �xed 15 minute all-directional jet spray, regardless of
size. Another key difference is that IEC 60598-1 permits some water ingress during testing,
provided that effective drain holes are in place to properly channel the water out. (IEC, 2020).

2.5 Designing Products for Ingress Protection

When designing a product for ingress protection, selecting the appropriate IP rating is crucial
to ensuring suitability for its intended environment. Higher IP ratings often lead to increased
development costs due to more complex design and veri�cation processes (Jacobsen, 2015).
Additionally, manufacturing costs may rise due to tighter tolerances and stricter quality con-
trol measures required to maintain the speci�ed protection level. Therefore, it is essential to
balance protection requirements with cost considerations to select the most appropriate IP
rating for the product's intended use. (Jacobsen, 2015).

Designing for ingress protection typically requires sealing every opening in an enclosure. In
this paper, such openings are referred to as "critical interfaces." Most enclosures feature a
"main seal" between the top and bottom sections, allowing for the assembly or maintenance
of internal electronics (Serksnis, 2019). Other common critical interfaces include:

• Connectors and cables

• Visual components such as LCD touchscreens or LEDs

• Audio components like speakers and microphones
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• Input interfaces such as buttons or keypads

• Media and memory devices, including disk drives, card readers, and USB sticks

• Areas surrounding fasteners

Sealing technologies encompass a wide range of designs and methodologies and they are
often divided into a few different subcategories. However, most sealing solutions exhibit
characteristics overlapping between different categories, leading to a conceptual gray area
in the classi�cation (Flitney, 2011). The speci�c factor that de�ne a category differ slightly
between sources. The following way of categorise sealing solutions is one way of doing it.

2.5.1 Seals & Gaskets

The distinction between gaskets and seals is not always clear-cut and varies across indus-
tries. Some classi�cations are based on dynamic properties, while others consider the energy
required for sealing (Flitney, 2011). Generally, gaskets are �at elastomeric components com-
pressed between two �at surfaces, whereas seals are typically positioned within a groove or
gland (Flitney, 2011).

O-rings

O-rings are a widely used and cost-effective sealing solution for both static and dynamic
joints. Their sealing function relies on two components: the O-ring itself and a gland. The
gland is a groove, typically machined into metal or another supportive material, that houses
the O-ring. Its geometry determines the degree of O-ring compression during installation and
its constraints under pressure differentials (Parker Hanni�n Corporation, 2021). The gland
should be designed to provide a initial compression across the cross-section axis between 7
to 30 % depending on the material of the seal. (Flitney, 2011)

O-rings are suitable for both axial and radial sealing and offer several advantages, including
effectiveness across a broad range of pressures, temperatures, and tolerances. They are also
lightweight, compact, and inexpensive. Additionally, unlike many non-elastic seals, O-rings
can be reused if they are not excessively compressed. (Parker Hanni�n Corporation, 2021)

Most commonly O-rings are made out of elastomers but for certain use cases O-rings in plastic
as well as metal can be used. Alternative cross-sections other than circular can also be used
to for certain situations, like X-seal, T-seal and U-seal. (Flitney, 2011).

Gaskets

Unlike O-rings, gaskets do not require a gland, instead they are simply clamped between two
�at �anges or surfaces, typically secured by bolted joints (Flitney, 2011).

For sealing low-pressure joints, elastomer gaskets are a practical choice due to their �exibility
and adaptability. They can be molded or cut to match custom �ange designs and unique
shapes (Flitney, 2011). Rubber gaskets are especially common in electronic devices, where
they protect critical components from water ingress. For instance, the iPhone 7 (IP67-rated)
employs rubber gaskets to seal its buttons, SIM tray, and the connection between the USB
port and the main enclosure (Yu et al., 2019).
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Adhesive tape and foam gaskets

Adhesive tapes and foam gaskets offer an inexpensive and straightforward solution for seal-
ing between two �at surfaces. These materials are often interchangeable and may be referred
to as foam gasket tape, foam tape, or adhesive tape.

Foam gaskets can be made from either open-cell or closed-cell foam, each with distinct prop-
erties and applications. Closed-cell foams provide superior resistance to moisture, making
them the preferred choice for watertight seals (Foam Factory, 2025).

Today, adhesive tapes, strips, and foam gaskets are widely used in smartphones and other
electronic devices. For example, the iPhone 7 Plus, Samsung Galaxy S7 Edge, and Huawei P9
Lite all utilize adhesive tapes to create a watertight seal between the camera, �ash, and rear
case (Yu et al., 2019).

2.5.2 Rubber grommets & Membrane glands

Rubber grommets serve a dual purpose in electronics: they protect cables from sharp edges,
preventing cuts and friction damage, while also providing an effective seal against dust and
water ingress (RS Components Ltd, 2023). These grommets may also be referred to as eyelets,
bushings, or edging (Essentra Components, 2024).

There are several types of rubber grommets, each suited for different sealing and protective
requirements. The most basic design is the open rubber grommet, a simple ring-shaped com-
ponent that lines holes in enclosures. While it can provide some sealing when the hole diam-
eter is smaller than the cable diameter, it is generally not suitable for high IP rated protection
(Essentra Components, 2024). For applications requiring higher ingress protection, stepped
grommets, push-in �exible grommets, or specialized sealing grommets are recommended.

Stepped grommets

Stepped grommets are made from EPDM and feature a tapered design, allowing them to ac-
commodate multiple cable diameters. The stepped sleeve can be cut to �t speci�c cable sizes,
making them highly versatile. Additionally, until the sleeve is cut, the grommet functions as
a blanking plug, effectively blocking dust and water ingress (Essentra Components, 2024).

Push-in �exible grommets

Push-in grommets, typically made from Polyethylene (PE) and Thermoplastic Elastomers
(TPE), provide an ef�cient sealing solution for tight spaces. They are designed for easy in-
stallation in unthreaded holes and can be purchased with an IP66 rating, ensuring reliable
protection against dust and powerful water jets (Essentra Components, 2024).

Speci�c sealing grommets & Membrane glands

Sealing grommets, also known as membrane glands, cable seal grommets, or semi-blind
grommets, are made from EPDM and can achieve an IP67 rating. These grommets snap easily
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into round holes without requiring special tools, simplifying installation. Like stepped grom-
mets, they initially function as blanking plugs until a cable is inserted (Essentra Components,
2024).

What sets membrane glands apart is their thin central membrane, designed to be easily
pierced by cables. This self-sealing feature allows them to create a tight, waterproof, and
dustproof seal around inserted wires, making them an ideal choice for high-protection appli-
cations (RS Components Ltd, 2023).

Membrane glands come in different shapes and sizes. Large ones with multilple holes are
sometimes called cable entry plates. They are modular sealing solutions designed to facili-
tate the organized passage of multiple cables or pipes through enclosures or cabinets while
maintaining environmental protection standards.

Compression Sealing Systems

Compression sealing systems are engineered to create tight seals around cables and pipes
by applying pressure through specialized blocks or modules. These systems are integral in
industrial and electrical cabinets to prevent the ingress of environmental contaminants.

A typical compression sealing system consists of a rigid frame, often made of stainless steel
or powder-coated metal, which is mounted to an enclosure or wall opening. Within this
frame, modular rubber blocks are arranged to match the diameters of the cables or pipes
being routed. Each module can be adapted or layered to �t a speci�c cable size, allowing for
a highly customizable and scalable solution (Roxtec International AB, 2024).

Compression sealing systems are widely used in environments with high safety or reliabil-
ity requirements, such as power distribution cabinets, data centers, offshore platforms, rail
vehicles, and automation systems. Their modular nature supports pre-terminated cables, re-
ducing installation time and simplifying maintenance and upgrades. In contrast to traditional
cable glands, these systems allow for dense cable routing through a single opening without
compromising the enclosure's IP rating (Roxtec International AB, 2024).

2.5.3 Liquid adhesive & sealants

Liquid adhesives and sealants are versatile sealing solutions used in applications ranging
from construction to consumer electronics. Devices like the Samsung Galaxy S7 Edge and
Huawei P9 Lite rely on adhesive sealants to secure the connection between the screen and
main case (Yu et al., 2019).

However, a major drawback of adhesive-based sealing solutions, including tapes, is their
limited suitability for repairs. Once the adhesive bond is broken, the seal loses most of its
effectiveness, making reassembly challenging (Flitney, 2011)

Form-in-place seals

Form-in-place seals and gaskets work by adding a sealant to the jointing surfaces prior to
assembly. As the parts are put together the �uent sealant spreads and covers the surface (Flit-
ney, 2011). This ensures that surface irregularities like scratches and gaps are being covered
and sealed (Flitney, 2011).
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For joint with a light clamping force or �exible �anges special silicone products are used
as sealant. The silicone sealant allows the gasket to compensate for micromovement with-
out overextending the elongation limit of the material. Examples of �exible �ange designs
include various stamped sheet steel parts, housings and covers made of plastic, and thin-
walled metal castings (Flitney, 2011). Most silicone sealant compounds used are offered as
curing or vulcanizing at room temperature (RTV). The curing systems are based on exposure
to atmospheric moisture (Flitney, 2011).

2.5.4 Injection Molding

Injection molding is a manufacturing process where heated polymer is injected into a mold
cavity. The polymer then cools within the mold until it solidi�es and becomes stable enough
for ejection. Therefore, to provide a successful molding process the design of the part and
mold becomes critical. (Chang et al., 2004)

The most common techniques utilizing injection molding for sealing is insert molding and
overmolding.

Insert Molding

An Insert Molding process is a single shot molding technique that is used for covering a
non-plastic part, an insert, in an elastic material that acts as a seal. The insert, predomi-
nantly a metal part, is placed inside a mold cavity and a polymer is ejected around it, �lling
open spaces. Insert molding is widely utilized in electronic devices, primarily for securing
threaded inserts and wire plugs. Additionally, it plays a role in some manufacturing of digital
control panels, appliance knobs, and military equipment. (Bennett, 2022)

Overmolding

Overmolding is another molding technology that can be used for sealing electronic devices
and components. Overmolding differs from Insert molding as it is a multi-material injec-
tion where a thermoplastic substrate is combined with a elastomeric component in the same
processing route (Aliyeva et al., 2021). The rigid polymer substrate offers basic mechanical
properties for structural purposes, while the elastomeric cover provides user comfort and
minimized feel of vibration or impact (Nguyen et al., 2013).
Burk (2000) discusses the advantages of overmolding circular cable connectors, in most cases
this lowers cost and enhances performance. It is achieved by �rst applying a pre-mold that
securely connects the cables and the pin, holding them in place and eliminating ingress that
interfere with their connection. Then, a �nal mold is injected, encasing the pre-mold for both
aesthetic and �ex relief purposes. The �nal mold is preferably the same material as the cable
jacket to obtain a bonding between them, improving the overmolds capability. (Burk, 2000)
Goth et al. (2012) compares different methods used to protect Molded Interconnect De-
vices (MID) with overmolding being one method, alongside conformal coating and potting.
Goth et al. (2012) performed three experiments, testing protection against thermal in�uences
through temperature shock test, liquid ingress by submerging the MID in a water bath and
free fall through a mechanical shock test. Overmolding performed best of the three in the
temperature shock test and showed no water ingress, allowing for an IP-rating of IPX8 (Goth
et al., 2012).
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2.5.5 Supplementary sealing approaches

Conformal Coating

Conformal coating is a polymeric �lm forming product that protects PCB-related applications
from detrimental environmental conditions. They enhance dielectric resistance, operational
integrity, and protection from corrosive atmospheres, humidity, heat, fungi, and airborne
contaminants such as dirt and dust. (Harris, 2023)

Potting

Potting is a process where a low-viscosity material �lls a pre-speci�ed mold. Potting, like
conformal coating, is applied whenever protection against chemical, corrosive or mechanical
in�uences is necessary for sensitive electronic components, like circuit boards or power mod-
ules. Potting is utilized in many different industries, including the lighting industry where
for example LEDs are potted in order to ensure their long life and excellent lighting quality.
(Scheugenp�ug, n.d.)

Labyrinth seal

A Labyrinth seals works by creating a dif�cult path for water or other hazardous in�uences
to get into an enclosure. The labyrinth seal is commonly found in bearings designed for
environments where liquid contamination is a problem (Flitney, 2011).

Labyrinth seals require no contact between to two sealing parts, thus enabling rotation as
well as letting gases escape the enclosure (Flitney, 2011). Because of Labyrinth seals allowing
gases to leak they are not ideal in products looking for a high IP rating. As mentioned in 2.3.1
IP6X require the enclosure to be fully dust tight even when the pressure inside the enclosure
are maintained bellowed the atmospheric pressure.

2.6 Future Repair Trends & Legislation

As consumers and governments around the world become increasingly aware of the long-
term negative impacts of mass manufacturing, growing concerns are being raised, and po-
tential solutions are being explored (Oliveira et al., 2024). One of the key issues lies in the
signi�cant waste generated by mass production, particularly in the electronics industry. This
concern, combined with a global push toward a more circular economy, has led to the rise of
initiatives such as the Right to Repair movement. This movement has gained substantial trac-
tion and has begun to in�uence major governing bodies, most notably the European Union,
which are now placing greater pressure on manufacturers to design products that are easier
to repair and maintain (Oliveira et al., 2024).

2.7 Rapid Validity Testing

Rapid Validity Testing (RVT) is a structured approach designed to reduce uncertainty in early
stage product development by enabling quick, cost effective testing of design assumptions.
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Rather than relying solely on fully developed prototypes or formal testing procedures, RVT
promotes building simpli�ed test setups that allow for rapid learning and informed decision
making (Peña Häu�er et al., 2021).

RVT has been shown to improve innovation outcomes, especially in settings where complex-
ity, speed, and resource constraints make traditional development methods less effective. By
validating speci�c functions or interfaces in isolation, teams can identify �aws and re�ne
solutions earlier in the process. This helps reduce the risk of costly changes later on and
supports more ef�cient development cycles (Peña Häu�er et al., 2021).
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The project followed Design Science Research (DSR) as a methodology. DSR is a research
paradigm that focuses on solving real world problems through the development and evalua-
tion of artifacts. Unlike traditional empirical methods that seek to explain or predict phenom-
ena, DSR aims to create practical solutions and generate design knowledge that can guide
future implementations. (Brocke et al., 2020)

This methodology was implemented in the thesis to support a structured and iterative pro-
cess of designing, testing, and re�ning technical solutions to a de�ned engineering problem.
It provided a clear framework for linking problem identi�cation with artifact creation and
evaluation, ensuring both rigor and relevance in the research process. DSR is particularly
well suited for projects that aim to innovate and evaluate technical solutions within a practi-
cal context (Peffers et al., 2008).

The study also included an information gathering phase, consisting of a literature review,
interviews and benchmarking, aimed at gaining a better understanding of current products
and identifying the crucial components involved.

3.1 Information gathering

This section outlines the methods used to gather information for the project, including a lit-
erature review, interviews and benchmarking of products within the same market category.

3.1.1 Literature review

In the initial phase of this thesis project, a comprehensive literature review was conducted
to build foundational knowledge on the subject. This involved analyzing academic articles,
technical papers and books related to IP ratings and the methodologies used for IP testing.
Additionally, the review included an investigation of various sealing solutions through exist-
ing literature. In some cases, supplementary information was sourced from company web-
sites operating within relevant industries. To reduce the risk of bias, these sources were crit-
ically assessed and cross referenced with multiple perspectives. The literature review also
explored topics such as dust chamber design and the fundamental principles of fan opera-
tion and particle behavior.
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3.1.2 Interviews

Interviews were conducted semi structured with �ve mechanical engineers working at Com-
pany X to understand their interpretation of critical interfaces in the current product line.
Each interview covered one of the products in the current line that is intended for �lm pro-
duction. During the interviews a walk through of the products interfaces was carried out and
discussed about. These interviews also explored potential design solutions for future product
development which need to be considered when performing IP certi�cations.
Another interview was conducted with a sales representative at Company X who has pre-
vious experience in designing products for �lm sets. This interview was held to gain an
understanding of how the lights are used during �lming and what external in�uences affect
the lights.
To gain insight into the design and technology of future product lines, an interview was also
held with a product owner at Company X.

3.1.3 Benchmarking

Benchmarking of existing products was conducted to identify practical solutions for achiev-
ing various IP ratings. This process involved two main approaches: reviewing literature that
describes how similar products are currently assembled, and physically disassembling com-
mercially available products that meet speci�c IP ratings. Additionally, competitor products
were analyzed to assess the typical IP ratings found in new offerings on the market. This eval-
uation aimed to provide insight into industry standards and expectations. Combined with
an understanding of the environmental conditions present in �lm production settings, this
benchmarking activity informed the recommendation of an appropriate IP rating for future
products in the �lm industry.

3.2 Test method development

Based on the information collected in the literature review and interviews, a test method was
created to examine a potential IP rating of a product. A test for dust ingress was created as
well as one for water, and the tests were set up to be executed at different occasions. When
designing the test, it was crucial to ensure that it could be performed across multiple itera-
tions, given that various sealing solutions were tested throughout the project, as well as to
accommodate future use by Company X employees.

The IEC 60529 standard provides in depth explanations of the test requirements and the val-
ues of each physical quantity, such as water temperature and dust size. This acted as a base
for the designing of the test method. When deciding on the appearance of the test environ-
ment, cost and reusability played a part considering that the test method is meant to assist
Company X in their future product development. The dust testing required a chamber capa-
ble of containing dust for several hours, while the water testing facility must securely hold
the test sample in place during water spraying.

Taking all relevant parameters into account, a braindrawing session, based on the method
described by Chauncey Wilson in Brainstorming and Beyond (Wilson, 2013), was conducted
to generate initial concepts for test setup design. Unlike traditional brainstorming, which
typically relies on verbal or written ideas, braindrawing encourages visual thinking, fostering
more abstract and creative ideas (Wilson, 2013). Prior to the session, the testing procedures
were divided into distinct stages to clarify the key components of the test environment. Each
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stage was then explored in detail, with a focus on identifying solutions that would ensure the
test setups met the de�ned requirements.

Following this, component sourcing was conducted to gain insights into how the test method
could be constructed using available market options. Moreover, by utilizing unused compo-
nents available at Company X further insights about different attributes were gained, such
as the power of fans. For the dust chamber a CAD model was created to better analyze how
its composition should look like regarding fan placement, vacuum pump insertion and dust
collection. This model established a framework around the fans, allowing for a comparison
of fan placements and surrounding structures to optimize dust dispersion while accounting
for the complexity of the structure's shape.

When the concepts of the two tests were �nalized, the necessary components were purchased
and assembled. By applying the DSR methodology, test setups were iteratively adjusted
based on insights gained from initial performance runs. This cycle continued until the test
method yields reliable and consistent results while supporting multiple iterations of testing.

Lastly, when the test method obtained its �nal form an instruction was compiled on how to
perform the tests.

3.3 Testing

The testing phase was structured around the common critical interfaces that were identi�ed
through interviews and product reviews.

3.3.1 Test preparations

A set of test cases were developed based on real situations described or demonstrated during
the interview process. These cases were not hypothetical, instead they re�ected actual con-
�gurations and practices used in Company X's products today, such as recurring cable sizes
or speci�c ways components are mounted. By grounding the test cases in like this, the results
of the testing were more relevant for the company and the study.

For each test case, a number of sealing solutions were selected based on established theoreti-
cal knowledge. This theoretical knowledge included variations in materials, mounting meth-
ods or sealing designs. The goal was to evaluate multiple viable options for each situation to
determine which solution offers the best balance between performance and practicality.

3.3.2 Test iterations

Each solution underwent two tests: a water ingress test and a dust ingress test. Additionally,
the test enclosure (test box) and other components involved in the testing setup were tested
and veri�ed for proper sealing, using the same test methods. This was crucial to ensure that
the test results are only in�uenced by the performance of the sealing solution being tested,
and not by any external leakage in the test enclosure itself.

To make the best use of time and resources, some solutions were excluded from testing if their
performance were already well documented and reliably proven at Company X. For example,
a case that involved a single standard cable routed through a certi�ed cable gland did not
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require new testing. In such instances, existing data sheets and manufacturer certi�cations
were used to verify the effectiveness of the solution, provided that the installation matches
the recommended usage conditions.

3.3.3 Evaluating tests

All selected solutions were tested in both ingress tests achieving a pass or fail grade. The solu-
tions that passed both tests were further evaluated using a consistent set of criteria, including
cost, required space, complexity and availability. This ensures that the recommended solu-
tions were not only technically sound but also feasible to implement within the constraints of
Company X's product designs.

For a more rational comparison between the viable solutions a Pugh Matrix was created. The
Pugh Matrix is an evaluation method used to perform comparative assessments of discrete
design concepts against prede�ned criteria (Pugh, 1991). Each design alternative is system-
atically compared to a selected reference concept, a baseline, enabling structured decision-
making during the development process (Pugh, 1991). The baseline for this project was set
with current solutions used in Company X's products for each speci�c case. Each test case
received their own Pugh Matrix. The weightings were determined based on interviews with
engineers at Company X. Some weights remain consistent across all tests, while others vary
depending on the speci�c case being evaluated. The point system assigned a score of -1 if the
proposed solution performed worse than the baseline for a given criterion, 1 if it performed
better, and 0 if the performance was similar. Each score was then multiplied by the weight
assigned to that criterion. The weighted scores were summed to produce a total score, with
higher scores indicating better overall performance.

Figure 3.1: The Pugh Matrix used for evaluation
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4. Empiricism

This chapter covers the empirical data used in this project. Together with a literature review,
several interviews were conducted with employees at Company X. Furthermore, benchmark-
ing present day products provided insights into what IP Code competitors markets and how
sealing solutions are utilized.

4.1 Interviews

To identify the interfaces and components in Company X's products that are at high risk
for water and dust ingress, interviews were conducted with Company X personnel. The
company is currently developing four projects for the �lm industry, each of which has a next-
generation version planned for the near future. As the product names have not yet been
�nalized, they will be referred to as Product 1, Product 2, and so on. Interviews with other
stakeholder such as sales representatives and higher management was also conducted to get
a deeper understanding of the industry and what future products may look like.

Product 1

The �rst interview was conducted with a mechanical engineer (ME1) who has been primarily
responsible for the development of Product 1. The interview took place during the disassem-
bly of a Product 1 prototype, providing a detailed understanding of its key components and
interfaces. Notably, Product 1 is the only product in Company X's portfolio that has received
an IP rating. It has been tested to meet the IP54 standard and incorporates a polyurethane
foam seal between its three main molded components. Additional sealing methods include
adhesive tape for the screen, as well as O-rings and rubber seals for the encoder, LEDs, and
buttons.

ME1 identi�ed a signi�cant concern regarding the sealing solutions for cables exiting the
enclosure. Currently, the company employs two approaches: either placing the cables in a
hole in the enclosure and sealing it with a liquid silicone adhesive or embedding the cables
in a plastic ring �lled with silicone before pressing the ring into the enclosure's hole. Both
methods present challenges, particularly when repairs or inspections require reopening the
enclosure. The silicone adhesive not only makes disassembly dif�cult but also compromises
the seal's effectiveness upon reassembly, as the adhesive bond is broken and cannot be fully
restored.
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Product 2

Product 2 was initially designed with a low IP rating (IP20) to meet the speci�c needs of stu-
dio photography. However, after the initial design phase, the product's intended use shifted,
making a higher IP rating more desirable. By that point, signi�cant design changes were no
longer feasible.

In an interview with two mechanical engineers responsible for the design and development
of Product 2, one engineer (ME2) explained that sealing the cables from the CoB LED proved
particularly challenging. This was mainly because sealing around the LED generated high
temperatures, making it dif�cult to implement an effective waterproo�ng solution. ME2 also
highlighted that it is dif�cult to seal around the LED due to the limited amount of space
available.

Product 3

Once again the interview was conducted with a mechanical engineer (ME3), this time one
who has been primarily responsible for the development of Product 3, but also late stage
development of product 1. Product 3 is designed to have a IP rating in the span of IP44 to
IP65, in other words, IP65 is the goal but IP44 is acceptable to get the product into market
quickly. ME3 said that their solution to seal buttons and encoder should be enough, and he
raised more concern regarding cable inputs in the enclosure. They currently looking to use
either a cables conduit with a cable gland that are rated IP66, or a hard pipe joint by a O-
ring. These are solution on how to seal cables that are being pulled from one enclosed part to
another. To connect cables from the outside to the inside cable glands are used. The main seal
between the two parts of the enclosure are sealed using a one-sided adhesive foam, similar
to product 1.

Product 4

Product 4 was dissected in SolidWorks since a prototype of the �nal product design was not
available at the time. A mechanical engineer (ME4) working with Product 4 showed the seal-
ing solutions they have applied on Product 4. The enclosure for the LED panels features a
frame with a gasket along the edges, where acrylic glass is positioned. The two components
are then securely pressed together by a corner pro�le, ensuring a tight seal. Product 4 uses
metal cable glands for the wires connected to the LEDs due to their more compact size com-
pared to plastic cable glands.

One issue that Product 4 had encountered during a pressure test was leakage of air where
the frame meets a box with PCBs. Their current design of this interface was by pressing the
frame metal to the box metal and having a gasket underneath, creating a labyrinth seal. ME4
believes this can be solved by adjusting the pressure laid on the gasket.

ME4 expressed an interest in creating a standardized solution for sealing encoders since they
are used in every product. Company X's current sealing solution for their encoders consists
of an O-ring inside the rotating shaft and another where the encoder interfaces with the panel
board.
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Common critical interfaces

Even if every product has its own unique critical interfaces many of them are also the same, or
very similar. One interface that engineer brought up as critical was every kind of cable outlet.
The cable outlets can �rst be categorized into 2 major kinds: Round cables and �at/LED
cables. Due to their difference in geometry the best solution to seal them might differ.

Another critical area is any place where three surfaces meet in a T-shaped interception. Prod-
uct 1 has this challenge today and the engineer that was interviews states that this is a not too
uncommon problem.

Interfaces such as buttons, screens and encoders are critical, but Company X seem to have
found reasonable solution for them.

Table 4.1: Summary of critical interfaces for Company X's products

Product Critical interfaces Current solutions

Product 1 Cable inlets, T-shaped intersec-
tion

Cable inlets: silcone mold, embedded mem-
brane. T-shape: Foam gasket

Product 2 Cable strip inlets -

Product 3 Cable inlets Cable glands, pipe with O-ring

Product 4 Frame to box of electronics, en-
coder

Frame and box metal pressed tight with a
gasket underneath. O-rings for the encoder.

The �lm industry

An interview with a sales representative was conducted early in the project to better under-
stand both the environment on movie sets and the industry's demand for IP rated products.
Referenced in 2.2, this interview helped establish the project's focus on designing IP65 rated
solutions. Conducted online with a UK based expert who has extensive experience in �lm
industry lighting, including founding a company dedicated to designing such lights, the in-
terview yielded valuable insights into how lights are used in �lmmaking and the weather
conditions they are exposed to.

A key takeaway was that these lights are often placed outdoors to shine through windows
and replicate sunlight, meaning they can remain outside for prolonged periods in heavy rain,
sand, and dust. The interview also underscored the importance of IP ratings to customers.
According to the representative, IP ratings are a major selling point for new products in this
market, with most customers speci�cally aware of the meaning of IP65 (“weatherproof”).
Ratings below IP65, such as IP54, are less clearly understood, while anything above IP65 is
typically seen as unnecessary. As a result, IP65 is rapidly becoming the high quality industry
standard.

Future products

Following the interviews with mechanical engineers responsible for the current line of prod-
ucts, an interview with a product owner (PO) was conducted. During this interview a dis-
cussion about a potential future line of products were held.
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The approach to the next product line focuses on enhancing the current models by increase
maximum power consumption, thereby improving lighting performance. This highlights the
importance of examining the current product line and understanding its critical interfaces.
PO also noted that wireless products and touch screen displays are not yet in high demand,
as the tactile feedback of for example an encoder provides more precise and reliable control.
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5. Test method development

This chapter outlines the progress made in developing a suitable test method, structured ac-
cording to the identi�ed stages. The overall objective was to establish two separate test pro-
cedures, one for evaluating water ingress and another for assessing the intrusion of solid par-
ticles. To reduce the overall test setup size and complexity, critical interfaces will be mounted
onto a water and dust tight enclosure, which will then undergo the respective tests.

5.1 Test box

The test box consists of a commercially available metal enclosure with an IP rating of IP67.
It features a removable lid that can be repeatedly assembled and disassembled without com-
promising the box's sealing performance. This lid serves as a standardized test platform for
evaluating various sealing solutions. By using interchangeable lids, custom-made through
3D printing, multiple sealing concepts can be tested using the same enclosure, ensuring con-
sistency and repeatability across trials.

The lid of the test box features a groove located a few millimetres from its edge. An O-ring is
seated in this groove and is compressed by a �ange integrated into the edge of the test box.
When designing the lid for 3D-printing this groove was recreated with the correct margins
towards the edge. Additionally, since the primary focus of the tests is to compare sealing
solutions based on Company X's products, an extrusion was added to the edge of the 3D-
printed lid, see �gure 5.1. This forms a labyrinth seal, which increases resistance to the test
substance entering the box via the lid edge. Consequently, if ingress does occur, it is more
likely to have passed through the tested sealing solution rather than around it.

Figure 5.1: Extruded edge
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5.2. Water ingress test

After verifying that the dimensions of the 3D-printed lid match those of the original, a cavity
is created to accommodate the cable gland that seals the pipe used to evacuate air from the
test box in the dust ingress test.

With this 3D-printed lid a shape can easily be extruded out in the CAD-model with the di-
mensions required for fastening the sealing test sample, see �gure 5.2. This allows for an easy
way of testing sealing solutions rapidly.

Figure 5.2: Two con�gurations of the 3D-printed lid

Figure 5.3: Test box with a 3D-printed lid

5.2 Water ingress test

Based on the requirements outlined in the IEC standard for conducting water ingress tests,
and considering Company X's preference to perform the tests in-house, only a limited num-
ber of viable options were available regarding the water test location and setup. A water and
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5.2. Water ingress test

moisture proof room at Company X's facilities was selected as the designated testing area.
The room measures approximately 3 meters in length and is equipped with a shower outlet
that serves as the water supply.

5.2.1 Water supply

The water delivery rate from the shower outlet was measured at 12 litres per minute, closely
matching the IEC standard requirement of 12.5 litres per minute. To extend the reach of the
shower hose, an additional extension hose approximately 4 meters in length was connected.
A 6 mm nozzle was �tted on the extended hose to ensure a correct water stream during
testing. Additional gaskets were placed between the hose and nozzle to ensure complete
protection of egress of water.

Figure 5.4: Water supply handle

5.2.2 Test box rig

The test box was positioned approximately 3 meters from the water delivery system, placed
on an electrically driven rotating platform. The rotating platform was placed on a stool to
achieve the appropriate height for the test setup.

After initial testing changes were made to the placement of the test box. When water started
to build up on the rotating plate the test box started to move around when hit by the water
stream. To prevent the test box from falling of the rotating plate, a setup utilizing cylinder
plugs were installed. Rectangular blocks with holes were 3D printed along with four cylinder
plugs, see �gure 5.5. The rectangular blocks are fastened to the rotating plate by clamps. This
setup allows the test box to move around slightly but stops it from leaving the spray area.
This also allows for tests with larger and smaller objects than the test box by changing the
placement of the cylinder plugs.
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5.2. Water ingress test

Figure 5.5: CAD-model of the rectangular blocks and cylinder plugs

Figure 5.6: The test box placed on the rig for water testing
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