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ABSTRACT

This thesis explores the design and production of a sensor casing for biogas

monitoring systems in Malawi, supporting the country's adoption of sustainable

biogas digesters. The casing, designed to house a sensor for measuring biogas

concentration, was developed using 3D prototyping and injection molding, with

a focus on precision and sustainability. Recycled HDPE plastic, sourced from

PET bottle caps, was selected for its durability, chemical resistance, and cost-

effectiveness.

Prototyping with an MSLA 3D printer enabled iterative re�nement of critical

dimensions, such as thread size and sensor aperture, accounting for material

expansion and printing inaccuracies. Final molds, created in NX 1988 software

and printed with Rigid 10k resin, were used with the HoliPress 38 injection

molding machine, chosen for its compatibility with HDPE and precise control

over temperature and injection volume.

Challenges arose in bonding the casing's two halves due to HDPE's resis-

tance to adhesion. Various adhesives were tested to identify the most effective

solution, ensuring a leakproof seal. The �nished product underwent pressure

decay tests to verify its integrity.

By integrating recycled materials and ef�cient manufacturing processes, this

project demonstrates a practical and sustainable approach to producing com-

ponents for Malawi's biogas initiatives, contributing to reduced greenhouse gas

emissions and improved energy solutions.
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1 INTRODUCTION

1.1 Challenges of Global Warming

The effects of global warming are becoming increasingly evident, making

it an undeniable reality. Since the onset of the Industrial Revolution, global

temperatures have steadily risen, leading to challenges such as unpredictable

climate patterns, rising sea levels, and increased �ood risks (Matemilola et al.,

2020). In response to these concerns, many nations have come together in

recent decades to establish the United Nations Framework Convention on Cli-

mate Change (UNFCCC), which has convened regularly to discuss and propose

solutions to mitigate global warming. One of the most signi�cant recent confer-

ences was the 2015 Paris Conference, where 197 nations gathered to address

climate change. As noted, global warming is primarily driven by greenhouse

gas (GHG) emissions, making their reduction a central focus of these climate

summits. The key objectives of the Paris Agreement are to limit global tem-

perature rise to no more than 2°C above pre-industrial levels, with efforts to

stay below 1.5°C (Parlamento Europeo, 2023). Nations are encouraged to de-

velop technologies that reduce CO2 emissions and to increase funding aimed at

lowering GHG emissions.

1.1.1 Malawi after the Paris Conference 2015

For the reasons outlined above, the nations that signed the Paris Agree-

ment are committed to meeting its targets, with a particular emphasis on reduc-
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ing CO2 emissions. Although Malawi's CO2 emissions were relatively low (1.4

tCO2e per capita in 2015), it remains a signatory to the Paris Agreement and is

obligated to adhere to the collective decisions made. Each nation identi�es the

sectors that produce the highest emissions, allowing them to focus efforts on

reducing greenhouse gas outputs in these areas. The Figure 1.1 presents a pie

chart illustrating the primary sources of greenhouse gas emissions in Malawi

for 2015, with forestry and agriculture as the most signi�cant contributors, fol-

lowed by waste management and energy. Notably, 97% of Malawi's population

relies on biomass—such as charcoal and wood—as their primary fuel source for

cooking and heating (see United Nations Framework Convention on Climate

Change (UNFCCC), 2015). This widespread use of biomass has signi�cantly

impacted deforestation, which, as shown, is the largest source of the country's

GHG emissions.

Figure 1.1. Sectoral Greenhouse Gas Emissions in Malawi, 2015 (United Na-
tions Framework Convention on Climate Change (UNFCCC), 2015).

One of the solutions Malawi has adopted to address this issue is the effec-

tive utilization of biomass through composting and manure processing (United

Nations Framework Convention on Climate Change (UNFCCC), 2015). Biogas

digesters are used to produce biogas from organic materials through a biolog-
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ical process (Pinjing, 2010). This biogas can then serve as an alternative to

traditional fuels like charcoal and wood in households.

1.2 Injection Molding Process

As outlined, Malawi intends to use biogas digesters to reduce GHG emis-

sions. These large digesters require monitoring of the quantity and concen-

tration of biogas produced to evaluate the process's ef�ciency. This monitoring

involves various components, which is where this project plays a key role: man-

ufacturing one of these components using an injection molding machine.

Injection molding is a widely utilized manufacturing process that involves

injecting molten material into a mold to create various components. This tech-

nique is commonly applied in �elds such as medicine, optics, and automotive

manufacturing, among others (Polymermedics, 2018). Injection molding of-

fers several signi�cant advantages, making it a popular choice for high-volume

production. It is highly reliable for producing consistent, repeatable results,

especially well-suited for large production runs where it helps reduce per-unit

costs. Its versatility allows for the creation of intricate and complex designs,

enabling manufacturers to produce detailed shapes with high precision. Addi-

tionally, the process supports the use of multiple materials and allows for precise

color control, producing components that meet speci�c aesthetic standards di-

rectly from the mold, thereby reducing the need for additional �nishing. Waste

is minimized, as the process generates minimal scrap material, enhancing both

cost ef�ciency and sustainability (see Polymermedics, 2018).

However, injection molding requires a substantial initial investment in molds

and equipment, which can be a barrier for smaller-scale operations. Certain

design limitations may also arise, as some component features may need to be

adjusted to align with the process's constraints. Despite these challenges, injec-

tion molding remains a highly ef�cient and dependable manufacturing method

for producing a wide range of plastic components and products (see Polymer-

medics, 2018).
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1.3 Justi�cation and Research Questions

The objective of this project is to design and manufacture a component es-

sential for data analysis within a biogas digester. This component will house a

sensor that measures the concentration of biogas produced during the biologi-

cal process.

The component will be produced using injection molding; due to its com-

plex design, it will consist of two halves that will be bonded together post-

production. Given that the component must be leak tight to handle gases, the

feasibility of achieving a secure seal by bonding the two halves must be as-

sessed. Additionally, the material selected must ensure both structural integrity

and compatibility with the injection molding process.

Accordingly, the research questions for this project are as follows:

• What design considerations of a component need to be taken into account

to manufacture a mold and, later, a mechanical piece?

• How can airtightness of an injection-molded part, formed from two glued

together pieces, be ensured?

• Is HDPE plastic a suitable material for achieving the desired characteris-

tics of the �nal part?

4 CHAPTER 1



2 METHODS

2.1 Description of the system

As previously mentioned, the objective of this project is to produce a com-

ponent for the monitoring and data analysis system used to evaluate biogas

generated by digesters in Malawi. Figure 2.1 highlights the system, with a fo-

cus on the component to be manufactured. The T-shaped black piece represents

the casing through which the biogas �ows. The sensor, a VQ546M SGX, is de-

picted in green and is enclosed within the casing. The casing is sealed with a

cap and secured by two O-rings to ensure proper isolation of the system. An

electrical circuit (not shown in the �gure) connects to the sensor to facilitate

data processing.

Figure 2.1. Model of the system
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2.2 Modeling

2.2.1 Sensor's casing

The �rst task is to create a 3D model of the casing using NX 1988, consider-

ing all the necessary boundary conditions for the component. Once the design

is complete, the part will be printed using an MSLA (Masked Stereolithography

Apparatus) 3D printer, speci�cally the Form 3 + model 1. The chosen material

for the prototype is Grey V4 resin, which is well-suited for models requiring

high precision and �ne details 2.

The primary purpose of producing this prototype is to verify critical mea-

surements, such as the diameter of the tube housing the sensor and the dimen-

sions of the threads, before proceeding to mold fabrication. The key measure-

ments to validate are as follows:

• Diameter of the upper tube: The tube that houses the sensor (see Figure

2.1) must accommodate the sensor, which has a diameter of 20.1 mm.

• Thread speci�cations: The casing includes threads for three pipe open-

ings that adhere to the British Standard Pipe Taper (BSPT) system3. As

standard for this type of pipe, the thread size is 3/ 4 inch. The Table 2.1

outlines the required diameters for creating various thread sizes in the

BSPT (British Standard Pipe Taper) system. As shown in Table 2.1, the

diameter for a 3/ 4-inch male thread in the BSPT system is 25.9 mm4.

These measurements are essential for ensuring the prototype meets the de-

sign requirements and is ready for subsequent mold production.

1https:// formlabs.com/ 3d-printers/ form-3/ ?srsltid= AfmBOopwrHx4hMsee6emouDPyoE2X61Tn2yUWw2eaXJx31wLOsr4wWy2
2https:// www.3ditalyshop.it / prodotto / resine/ cartuccia-resina-formlabs-standard-trasparente/
3https:// www.valvesonline.com.au/ references/ threads/
4https:// www.ryco-hydraulics.com/ bspt-bspp-threads/
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Table 2.1. BSPT Threads Dimensions
Thread Size [ inch ] BSPT male Thread (Outer diameter) [mm]

1/ 8 9,5
1/ 4 12,8
1/ 2 16,3
3/ 8 20,4
5/ 8 22,5
3/ 4 25,9
1 32,6

2.2.2 Mold

Once the prototype of the component achieves the desired characteristics

and dimensions, the mold can be designed. This mold will essentially be the

negative of the previously created model of the sensor's casing, which is been

developed using the NX 1988 software too. A different material is used for

the mold, one that is also compatible with the Form 3+ 3D printer. This mate-

rial, called Rigid 10K5, is ideal for mold making due to its excellent properties.

Rigid 10K is highly glass-�lled, providing exceptional stiffness and precision.

Moreover, its high heat resistance makes it particularly well-suited for creating

injection molds, where durability and accuracy are crucial.

Several considerations must be addressed when designing a mold:

• Parting Line Selection: The �rst step is to determine the parting line—the

line that divides the two halves of the mold (essentially where the mold

opens). The parting line should be placed where it is most ef�cient and

practical, ideally on a �at surface of the component to simplify the mold-

ing process6.

• Avoiding Perpendicular Surfaces: Surfaces with a 90° angle to the parting

line should be avoided to minimize friction during the ejection of the

component from the mold. This helps prevent damage to both the mold

5https:// formlabs.com/ uk/ store/ materials/ rigid-10k-resin/
6https:// www.basilius.com/ designing-for-injection-molding /
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and the component 7.

• Uniform Wall Thickness: The model should avoid large, bulky sections

and maintain uniform wall thickness throughout 8. This ensures con-

sistent cooling times across the mold, preventing early solidi�cation in

certain areas and ensuring the injected material �ows evenly to all parts

of the mold.

• Eliminating Sharp Edges: Sharp edges should be avoided in the model, as

smooth transitions facilitate a more uniform and precise �ow of materials

like plastic, reducing the likelihood of defects 9.

• Venting Slots in Mold Design: Venting slots are a critical feature in mold

design, serving to expel air from the mold as material is injected and to

release gases generated during the process. These slots must be carefully

dimensioned based on the material being used. They are designed to

be small enough to allow gases to escape while preventing the injected

material from leaking through 10. The width of venting slots typically

ranges from 1.5 mm to 6 mm, while their depth varies depending on the

material's properties, such as viscosity. For example, as shown in Table

2.2, the recommended depth for PE plastic ranges from 0.013 mm to

0.030 mm 11. Proper venting slot design is essential for ensuring the

quality and integrity of the �nal product.

7https:// www.basilius.com/ designing-for-injection-molding /
8https:// sybridge.com/ importance-of-uniform-wall-thickness/
9https:// www.basilius.com/ designing-for-injection-molding /

10https:// sybridge.com/ importance-of-uniform-wall-thickness/
11https:// www.moldchina.com/ post/ mold-venting-slot/
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Table 2.2. Venting Depth Speci�cations for Different Materials in Mold Design
Material Venting depth (mm)

ABS 0.025-0.038
POM 0.013-0.025

PMMA 0.038-0.005
PA 0.008-0.013
PC 0.038-0.064

PET/ PBT 0.013-0.018
PE 0.013-0.030
PP 0.013-0.030

GPPS 0.018-0.025
HIPS 0.020-0.030
PVC 0.013-0.018
PU 0.010-0.020

SAN 0.025-0.038
TPE 0.013-0.018

2.3 Injection molding

2.3.1 Shredder

Before commencing the injection molding process, the material must be

adequately prepared. For this project, HDPE plastic will be used—a material

commonly found in PET bottle caps. The required material is sourced directly

from these caps. However, since the injection molding machine only processes

�ne granules, the caps must �rst be shredded. This is achieved using the Hol-

iShred 12 shredding machine, a manual plastic crusher that ef�ciently reduces

the caps into �akes suitable for molding.

2.3.2 Holipress 38

With the mold prepared and the material (HDPE plastic) processed into

�akes, the injection molding process can begin. For this operation, the HoliPress

12https:// holimaker.fr / modules-accessoires-et-materiaux/

METHODS 9

https://holimaker.fr/modules-accessoires-et-materiaux/


38 13 injection molding machine is used. This machine is user-friendly and

offers several key features critical to this project:

• Injection Volume: 38 cm 3, suf�cient for the casing, which has a volume

of approximately 20 cm3 14.

• Temperature Range: Capable of reaching up to 320� C 15, well above the

processing temperature for HDPE plastic (200–235� C) (Hassan Awadet

al., 2019).

• Material Compatibility: Supports a variety of polymers, including HDPE

plastic, ensuring reliability for this application.

The HoliPress 38 is straightforward to operate. First, position the mold

under the nozzle, leaving a gap of approximately 2–4 mm. Next, turn on the

machine and set the desired temperature, which will depend on the material

being used for injection.

Once the set temperature is reached, pellets are added to the heating cham-

ber via the hopper. The material then melts inside the heating chamber, a pro-

cess that typically takes 5 to 8 minutes, depending on the material.

After melting, the lever is lowered to inject the molten material into the

mold. Pressure should be maintained for about 5 seconds, though this may

vary depending on factors such as the material's viscosity, the size, and the

shape of the mold.

2.3.3 Production

Material choice

As previously mentioned, the HoliPress 38 is compatible with several poly-

mers. For this project, High-Density Polyethylene (HDPE) was chosen for the

casing production due to its numerous advantages.
13https:// holimaker.fr / holipress/
14https:// holimaker.fr / holipress/
15https:// holimaker.fr / holipress/
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HDPE is a thermoplastic polymer derived from petroleum, with a molecular

structure composed of a chain of (C2H4)n
16. This structure provides HDPE with

exceptional mechanical strength, as well as resistance to pulling and strain. Ad-

ditionally, it boasts excellent resistance to chemicals, weather, heat, and corro-

sion, making it highly durable in harsh environments 17. These characteristics

make HDPE ideal for outdoor use over extended periods and in direct contact

with air and biogases, as required for the casing in this project. Due to its

excellent properties, HDPE is commonly used in applications such as piping,

sewage systems, and other systems designed for transporting water and gas

(Goldsupplier, 2024). These attributes make HDPE a highly attractive material

for this project as well. In addition to its inherent properties, the selection of

HDPE plastic is in�uenced by its cost-effectiveness and ease of acquisition. For

this project, all the HDPE used is sourced from recycled bottle caps collected

from land�lls. This approach signi�cantly reduces production costs while offer-

ing an environmental bene�t by repurposing discarded plastic into a functional

and sustainable application.

Production

At this stage, with all necessary components accounted for, the production

process can commence. Following the operation guidelines for the injection

molding machine outlined in section 2.3.2, the material is injected into the

prepared molds.

To facilitate mold creation, the sensor casing is manufactured in two halves,

each produced from a separate mold. Once the two halves are fabricated by the

injection molding machine, the �nal step involves joining them together.

However, bonding HDPE presents a signi�cant challenge due to its unique

properties 18. Its non-stick surface and high chemical resistance make it dif-

�cult to glue effectively, as the material tends to repel adhesives, making it

16https:// www.xometry.com/ resources/ materials/ high-density-polyethylene-hdpe/
17https:// www.xometry.com/ resources/ materials/ high-density-polyethylene-hdpe/
18https:// www.hunker.com/ 12561365/ how-to-glue-hdpe/
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notoriously hard to bond without welding.

To address this issue, various adhesives will be tested through a process of

trial and error to determine the most effective glue for creating a secure and

leakproof bond.

2.4 Test for leakage

Several methods are available for testing leaks in a system19. For this

project, a non-destructive technique called pressure decay testing will be used.

This method involves pressurizing the system and monitoring for any pressure

drops over time, which would indicate the presence of a leak20. If the product

is leakproof, the pressure will remain constant throughout the test.

An air leakage inspection device, from Bronkhorst21 (see �gure 2.2) will be

utilized to carry out this testing.

Figure 2.2. Air leakage inspection device

19https:// www.�yability.com / blog/ leak-testing
20https:// www.�yability.com / blog/ leak-testing
21https:// www.bronkhorst.com/ int / products/
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3 RESULTS AND DISCUSSION

3.1 Modeling and printing

3.1.1 Sensor casing

As explained in Chapter 2.2, the �rst objective is to 3D print a prototype

of the sensor casing to verify the correct dimensions for its two most critical

features: the size of the threads and the diameter of the hole where the sensor

is housed.

To optimize material use and printing time, smaller test prototypes were

initially printed (Figure 3.1) to assess the print's dimensional accuracy. These

prototypes con�rm the data from Table 2.1, establishing that the correct outer

diameter for the 3/ 4-inch male threads is 25.9 mm and that the appropriate

diameter to hold the sensor is 20.1 mm. These dimensions will guide the �nal

design.

It is important to account for the inaccuracy inherent to the 3D printing

process. During printing, the material expands by approximately 0.1–0.2 mm

(Mantada et al., 2017), which means that exact measurements in the model

would result in an oversized outer diameter and an undersized inner diameter

in the printed prototype.

Once the correct measurements for the threads were determined and vali-

dated on the prototype, these dimensions were applied to the full sensor casing

prototype. However, errors were still observed after printing. Measurements

revealed discrepancies in the diameters of the two main openings compared to
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Figure 3.1. Thread's Prototype

the sensor opening, despite the model being designed with identical dimensions

for all three.

This issue highlighted the impact of the model's orientation on the printing

table on the accuracy of the �nal print. Unkovskiy et al. (2018) shows how

different orientations can affect dimensional accuracy. To investigate further,

four prototypes (as the one in Figure 3.1) were printed, each positioned at a

different angle.

Table 3.1 provides detailed data for prototypes oriented at angles of 0�

(along the z-axis), 15� , 75� , and 90� (in the x-y plane). The table compares

the model's intended dimensions with the measured outer and inner diameters

of the printed prototypes and evaluates whether the threads allow for proper

screwing of a 3/ 4-inch cap.

Table 3.1. Printer accuracy for different orientations
0° 15° 75° 90° Model

Inner diameter [mm] 20.1 20.1 19.9 19.9 20.1
Outer diameter [mm] 26 26.05 25.85 25.9 25.3
Screwability no no yes yes -

The threads are the most critical and challenging aspect to achieve accu-

rately. As shown in table 3.1, the accuracy of the threads in the molded prod-
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uct decreases as the model is oriented along the z-axis, often preventing the

cap from being screwed in properly. In contrast, the internal diameter exhibits

greater deviations, with errors of up to 0.4 mm, when the model is oriented in

the x-y plane.

This investigation demonstrates that, to achieve a sensor casing prototype

(Figure 3.2) with the correct dimensions, the model should be oriented with

the apertures along the x- and y-axes. This ensures that the threads and outer

diameter are the correct size, and for the aperture that holds the sensor, an

error margin of 0.4 mm can be taken in consideration, even if it is bigger than

the errors reported in the literature (see Mantada et al., 2017).

Figure 3.2. Prototype of the sensor's casing

3.1.2 Mold

Thanks to the tests conducted on the sensor casing, it became easier to print

the mold's component with greater accuracy. The optimal orientation on the

printing plane, as discussed earlier, was determined to be along the x-y plane.

This orientation improves accuracy and offers the added bene�t of eliminating

the need for supports, as the mold can be positioned on its �at face.

For the ejector side of the mold (Figure 3.3a), no signi�cant issues arose.

However, challenges emerged on the injector side (Figure 3.3b) due to its con-
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cave shape, which made precise printing dif�cult. To address this, a hole was

introduced in the mold design. This modi�cation allowed printing in the x-y

plane with minimal supports, thereby maximizing the mold's precision.

(a) Ejector side of the mold (b) Injector side of the mold

Figure 3.3. Two sides of the mold

The �rst print revealed that the Rigid 10k resin demonstrated signi�cantly

higher precision compared to the Grey V4 resin, maintaining the error margins

cited in the literature (see Mantada et al., 2017).

3.2 Piece production

3.2.1 Injection molding

As explained in Chapter 2.3.2, the melting temperature of plastic covers

a wide range, requiring multiple attempts to identify the ideal temperature

during the injection molding process.

Initial tests started with temperatures referenced from the literature (Has-

san Awad et al., 2019), but the plastic did not melt as easily as desired. It

remained quite viscous, making injection dif�cult.

At higher temperatures (280� C to 320� C), the plastic melted thoroughly

and became very �uid, allowing for easy injection. However, upon cooling and

ejection from the mold, the material exhibited signi�cant brittleness, as shown

in Figure 3.4.
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Figure 3.4. Piece injected at high temperature

From several attempts, the optimum temperature range was determined to

be between 250� C and 270� C. Within this range, the plastic exhibited an ideal

viscosity for injection into the mold, and the cooled part avoided the brittle

properties observed at higher temperatures.

However, another issue arose during the ejection process: the molded part

adhered strongly to the injection side of the mold. Removing it required pry-

ing and applying signi�cant force, which deformed the part. This deformation

introduced inaccuracies that rendered the part unsuitable for its intended pur-

pose. To address this issue, a mold release agent (Valplast Mold Release1) was

applied. This spray, when applied to the surface of the mold, facilitated the

demolding process, allowing for easier and smoother ejection of the part. As a

result, damage to the part was signi�cantly reduced, ensuring greater dimen-

sional accuracy and preserving the integrity of the molded component.

At this stage, a substantial difference was observed in the demolding process

based on the cooling time. If the part was removed from the mold after only a

few seconds of cooling, it exhibited slight deformation. As the part continued to

cool outside the mold, it failed to retain the desired shape, likely due to thermal

shock. Conversely, allowing the part to cool completely within the mold, with

1https:// www.ordervalplast.com/ mold-release-spray.aspx
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a cooling time of approximately 5–10 minutes, resulted in signi�cantly better

outcomes. When removed after full cooling, the part maintained its intended

shape, as it had ceased deforming during the thermal stabilization process. This

highlighted the importance of adequate cooling time for achieving dimensional

accuracy and structural integrity.

3.2.2 Glueing

After obtaining the two halves of the casing, they needed to be glued to-

gether. As previously explained, gluing HDPE plastic is challenging due to its

non-stick and chemical-resistant properties. To address this, various adhesives

were tested.

To improve adhesion, the surfaces to be bonded were lightly sanded with

sandpaper. This preparation created a less smooth surface, enhancing the glue's

ability to adhere effectively. Among the adhesives tested, `Cementit2' glue de-

livered the best results, achieving a strong and durable bond. The successful

outcome of this process is illustrated in Figure 3.5.

Figure 3.5. Sensor's casing

2https:// www.iba.ch/ it / shop/ it / cementit-colla-universale-30-g-permanente?srsltid=
AfmBOorJFHwRHrMnstqWqJ4wQ-mu4tvkNVa6tQzeKDl7kW478Tb2rnUk
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3.3 Test for leakage

To evaluate the leaktightness of the sensor casings, a pressure decay test

was conducted on both the HDPE casing produced using the injection molding

process and the 3D-printed prototype made with Grey V4 resin. The test aimed

to compare not only the performance of the two manufacturing methods but

also to assess the impact of bonding the two halves of the HDPE casing.

The key distinction between the two casings lies in their construction: the

3D-printed prototype is a single, continuous piece, while the HDPE casing com-

prises two halves bonded together. This structural difference is a critical factor

in�uencing the results of the leaktightness test.

The testing procedure for both casings followed identical steps to ensure

consistency and accuracy in the comparison:

1. Thread Sealing: A thread seal tape (PTFE tape) was applied to the threads

of both casings. This tape, commonly used in pipe systems, enhances the

seal of the threads, minimizing potential leaks during the test.

2. Connection to Pipes: Each casing was screwed onto the testing appara-

tus. As shown in Figure 3.6:

• The right side of the casing connects to a valve, which is used to

close off that end of the system.

• The left side connects to a pipe that leads through a �ow meter,

which measures any potential pressure decay or air�ow through the

casing.

These preparations ensured that the casings were securely integrated into

the testing setup for accurate assessment of their leaktightness.
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Figure 3.6. Test Set Up

At this stage, the pressure was increased at a rate of 0.1–0.2 bar/ s until it

reached 2 bar. Once this pressure was achieved, the �ow was reduced to zero,

and observations were made to assess whether the pressure remained constant

or started to decrease.

In �gure 3.7, the graph of pressure variation for the casing made of Grey V4

resin shows that after approximately 1.5 minutes, the pressure reaches 2 bar.

From that point, when the �ow is shut off, the pressure begins to drop steadily,

returning to atmospheric pressure after approximately 23 minutes.

This indicates that, while there are no major leaks, the casing is not perfectly

leaktight. The observed leakage is primarily attributed to the connections, es-

pecially the sensor connection.

20 CHAPTER 3



Figure 3.7. Plot of the outlet pressure in bar over time, for the prototype made
in resin Grey V4

There is no plot of the casing made of HDPE plastic because the leak in this

piece is immediately apparent. When subjected to the same �ow conditions as

the Grey V4 prototype, the system pressure fails to reach 2 bar. Instead, it re-

mains at atmospheric pressure without any noticeable increase. This indicates

that the leaks in the HDPE casing are signi�cant, preventing the system from

pressurizing effectively.

To conclude, the data obtained indicate that the system is not perfectly leak-

tight, likely due to inaccuracies in the threads and the junction with the sensor,

which allow air to escape. The most signi�cant difference between the 3D-

printed prototype and the injection-molded part lies in the latter being com-

posed of two glued pieces. This highlights that the primary issue affecting the

leaktightness of the injected part stems from the glue joint, which fails to pro-

vide a suf�ciently secure seal.
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4 CONCLUSIONS

The aim of this thesis was to evaluate whether injection molding is an effec-

tive method for producing components such as the sensor casing. The process

began with the creation of a 3D-printed prototype to verify measurements and

guide the design and fabrication of the mold required for injection molding.

Features of the mold were analyzed and optimized to ensure precision and ef-

�ciency during production.

Subsequently, multiple trials were conducted using the injection molding

machine, adjusting variables such as temperature, injection pressure, and cool-

ing times. The objective was to determine the optimal parameters for producing

HDPE plastic parts with the desired characteristics and precision.

To assess the functionality of the sensor casing, a pressure decay test was

conducted to evaluate its leaktightness. The results revealed a critical issue:

the two glued halves of the casing were not suf�ciently sealed, leading to sig-

ni�cant leakage. This highlighted the limitations of using adhesive bonding for

HDPE plastic components, as it failed to provide the required durability and

performance.

Two potential solutions to address this problem were identi�ed. First, ex-

ploring more effective methods of joining HDPE, such as thermal welding or

melting, could improve the sealing of the casing. Second, designing a more

sophisticated mold capable of producing the sensor casing as a single piece,

would eliminate the need for joining altogether.

In conclusion, while injection molding proves to be a viable solution for

manufacturing parts like the sensor casing, careful consideration must be given

to the speci�c requirements of the component. Addressing issues such as joining
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methods and mold design is crucial to achieving the desired functionality and

ensuring the overall success of the production process.

24 CHAPTER 4



BIBLIOGRAPHY

Goldsupplier. (2024). Differences between HDPE (high-density polyethylene)
and polypropylene (PP): Which plastic is right for your needs? https :
// doi.org / https: // polymermedics.com/ blog/ guide/ introduction- to-
injection-moulding /

Hassan Awad, A., El Gamasy, R., Abd El Wahab, A., & Hazem Abdellatif, M.
(2019). Mechanical and physical properties of pp and hdpe.Engineering
Science, 4(2), 34. https: // doi.org/ 10.11648/ j.es.20190402.12

Mantada, P., Mendricky, R., & Safka, J. (2017). Parameters in�uencing the pre-
cision of various 3d printing technologies. MM Science Journal, 2017(05),
2004–2012. https:// doi.org/ 10.17973/ MMSJ.2017_12_201776

Matemilola, S., Fadeyi, O., & Sijuade, T. (2020). Paris Agreement. In S. Idowu,
R. Schmidpeter, N. Capaldi, L. Zu, M. Del Baldo, & R. Abreu (Eds.),En-
cyclopedia of Sustainable Management(pp. 1–5). Springer International
Publishing. https:// doi.org/ 10.1007/ 978-3-030-02006-4_516-1

Parlamento Europeo. (2023). L'ue e l'accordo di parigi: Verso la neutralità cli-
matica, 1–4. https:// doi.org/ https:// www.europarl.europa.eu/ topics/
it / article / 20191115STO66603/ l - ue-e- l - accordo-di- parigi - verso- la-
neutralita-climatica

Pinjing, H. (2010). Anaerobic digestion: An intriguing long history in china.
Waste Management, 30(4), 549–734.

Polymermedics. (2018). Introduction to Injection Moulding: Process, advan-
tages and types. https:/ / doi .org / https: / / polymermedics.com/ blog/
guide/ introduction-to-injection-moulding /

United Nations Framework Convention on Climate Change (UNFCCC). (2015).
Intended nationally determined contribution, 1–13. https : / / doi . org /
https:// www4.unfccc.int / sites/ submissions/ INDC/ Published%20Documents/
Malawi / 1/ MALAWI%20INDC%20SUBMITTED%20TO%20UNFCCC%
20REV%20pdf.pdf

Unkovskiy, A., Bui, P. H.-B., Schille, C., Geis-Gerstorfer, J., Huettig, F., & Spintzyk,
S. (2018). Objects build orientation, positioning, and curing in�uence

BIBLIOGRAPHY 25



dimensional accuracy and �exural properties of stereolithographically
printed resin. Dental Materials, 34(12), e324–e333. https : / / doi .org /
10.1016/ j.dental.2018.09.011

26




