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Sammanfattning 
Stella Medical AB är ett medicinskt företag som utvecklar smarta medicinska apparater. Företaget 
för närvarande siktar sina lösningar patienter med cancer relaterad komplikation i lungsäcken och 
postoperativ vätska efter bröstcancer operation. Vätskan borde inte vara i kroppen för länge 
eftersom den är skadlig. Vätskan sugs ut genom en dräneringsapparat. 
 
Just nu det finns det en dräneringsapparat på marknaden som används med ett vakuum behållare. 
Den här anordningen är obehaglig för patienterna eftersom vakuum har för negativ påverkan på 
patienten när vätskan dräneras. 
 
Stella Medical AB hade tillsammans med KTH satt upp ett projekt för studenter för att integrera en 
ny metod för dränering. Integrationen baserades på befintliga apparater. De här apparaterna hade 
olika brister som togs i beaktande och utvärderades. Målet var att hitta ett enklare och mer robust 
design som ska göra det enklare för patienten att använda själva. Användarna för produkten 
kommer att vara äldre patienter som har haft bröstcancer operation. Nuvarande apparater har 
viktiga delar som är komplexa för patienten att använda. En analys var gjord på nuvarande apparat 
för att kunna integrera produkten. 
 
Koncepten visualiserades genom brainstorming med ritningar och modellering som skapades med 
Creo Parametric. Innan designen var modellerad, en envelope för modellen var konstruerad med 
olika delar. Detta gjorde det enklare med monteringen i Creo. Den här specifika metoden är en del 
av Modul design. 
 
Under projektet skulle en motor vara programmerad som var tillför att rotera den peristaltiska 
mekanismen för att pumpa vätskan. En kontaktperson var försedd för basala förklaringar av motor 
programmeringen som försöktes med programmet Nanopro. 
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Abstract 
Stella Medical AB is a medical company that develops smart medical devices. The company is 
currently developing devices for patients with a cancer related complications in the pleural cavity 
and postoperative seroma after breast cancer surgery. Serous liquid can cause harmful consequences 
and is drained with a drainage device. A drainage device currently on the market uses a vacuum 
container. The vacuum causes the patient discomfort when it starts draining the fluid. 
 
Stella Medical AB set up a thesis project together with KTH to find a new approach for lymphatic 
drainage. The project involved integrating the features of existing devices. These devices had various 
flaws that were taken into consideration and assessed. Existing devices had some crucial parts too 
complex for the patient to use. The goal was to design a simpler and more robust device, making it 
easier for patients to use without assistance. The typical user of this product will be older patients 
that have undergone breast surgery.  
 
The existing device was analyzed to integrate the best features of the product. The concepts were 
visualized by brainstorming using sketches and by constructing models through the Creo parametric 
system. Before the actual design was completed, an envelope of the model including various parts 
was made. This made it easier to assemble the parts. This particular method is part of Module 
design. 
 
During the project, a motor was also programmed. This was supposed to rotate the peristaltic 
mechanism in order to pump out the fluid. A contact person was provided for explaining the basics 
of the motor programming software called Nanopro. 
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Nomenclature and Abbreviations 
 
WBS (Work Breakdown Structure): A method of structuring work into manageable sections in a 
hierarchal structure.  
 
FEM (Finite Element Method): A simulation that is done to investigate the strength of materials, 
vibrations and even heat signatures. 
 
N (Newton): The international unit used for force. 
 
DFMEA (Design Failure Mode and Effect Analysis): A systematic technique for failure analysis. 
 
CAD (Computer Aided Design): A program that allows the user to create 3D models, drawings 
and FEM analysis. 
 
LVFS (Läkemedelsverkets Föreskrifter): The Swedish national authority responsible for 
regulation and surveillance of the deployment, manufacturing, and marketing of drugs and other 
medical products.  
 
FSD (Function Structure Diagram): A graphical representation of the functions for a products 
performance on its inputs and outputs. 
 
Ergonomics: The process of designing products, systems, or processes to maximize the efficiency 
of the interaction between them and the humans who use them. 
 
TRIZ : A problem solving, analysis and forecasting tool derived from the study of patterns of 
inventions in the global patent literature. 
 
PUGH matrix: A decision matrix method used to rank the complex options of an option set. 
 
Tensile ultimate strength: The capacity of a material/structure to resist tension (being pulled 
apart)  
 
Stress: The measure of the internal forces in a body that tends to cause it to change shape. 
 
Deformation: The change in shape that is caused by external forces, body forces, or temperature. 
 
Plastic Clasp Lock: A plastic buckle used to lock to cords together, can be found in items such as 
backpacks. 
 
Peristaltic Pumping Mechanism: A type of displacement pump used for pumping a variety of 
fluids. 
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1. Introduction 
 

1.1  Background 
 
A potential risk following breast cancer surgery involves the collection of seroma fluid within the 
pleural cavity or malignant pleural effusion. This fluid collection in the pleural cavity and in the 
axillary dead space due to poor lymphatic fluid transportation may cause complications leading to re-
hospitalization, pain, and infections.  
 
Patients need to undergo a lymphatic drainage process two of three times per week in order to 
remove the seroma from the pleural cavity. The patient has a tube inserted into this area in order to 
drain the fluid. 
 
Stella Medical AB´s goal is to develop a better device for this cancer related complication. The 
current device drains the seroma using a peristaltic pump to pump the fluid into a disposable bottle. 
This is usually done in a clinic or a hospital. The present device includes a motor, a peristaltic pump, 
some tubes, and a bag. The patient is connected to a tube which is connected to the pump. 
Connected to the pump is another tube is which leads to the storage bottle. 
 
Two devices that had two different functions were shown in the beginning of the project by Stella 
Medical AB. One device was the existing device for seroma drainage (figure.1) and another was a 
nutrient device that conveys nutrients into the patients’ bodies. The objective of the project is to 
design a new device that integrates the basic functions of the drainage device with the nutrient 
device. 
 

 
Figure.1 The present drainage device (Stella Medical AB, 2016) 
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1.2  Problem 
 
 
The present treatment for seroma uses pre-filled vacuum bottles. The pre-filled vacuum bottle is 
uncomfortable for the patients. Therefore, Stella Medical AB suggested a new approach to this 
problem. The solution was to create a digital device for an easier and more cost-effective process. 
 
The aim of the project is to redesign the major components of the device such as tube holder and 
tube holder attachment around the peristaltic mechanism. A cover for the mechanism was also 
introduced as a new component. A requirement for this cover was durability and visibility of the 
pumping process inside the cover during operation. The components need to be ergonomic for the 
users. 
 
To fulfill Stella Medical AB’s objective, the design of the device needs to include the following 
attributes: 

• Robustness – Durable components 
• Simplicity – Ergonomic and easy to use. 
• Maintenance –Easy to clean. 
• Safety – Minimal chance of misuse 

1.3  Goals 
 
The main goal of this project is to design a lymphatic drainage device. Accomplishing this objective 
required the following: 
 

• Integrate a simpler and more robust design for the interface of the device based on Swedish 
medical laws (LVFS_2003-11). 

• Design CAD models based on various concepts created during ideation. 
• Analyze FEM to ensure robust design. 
• Program and test the motor and check the rotation of the peristaltic pumping mechanism. 
• Create a physical prototype. 
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1.4  Methods 
 
The following represents the methods used in this thesis. 
 

• Use Work Breakdown Structure to plan the structure of the thesis. 
• Apply the Function Structure Diagram to better understand the existing product and to 

analyze potential improvement.  
• Research existing literature to better understand the tools necessary to accomplish the 

objectives of this thesis as well as understand laws applicable to the project. 
• Use TRIZ studies to investigate potential improvements and solutions to current problems 

in the product. 
• Investigate potential design risks for the product using DFMEA. 
• Use any form of decision matrices, f.ex. PUGH matrix, to reflect on different solutions. 
• Analyze the durability and material strength of the device with FEM analysis 
• Program the interface with the application Nanopro 1.70.8.0 , which is specifically applied 

for the driver used to control the functionality of the device. 
 

1.5  Limitations 
 
The following represents the limitations and restrictions that were planned in the beginning of the 
project. 
 

• The main focus of the design and integration is be on the interactive part of the device, 
which includes mechanism, buttons, tubes, and tube holder and it´s attachment. 

• The economic aspects of the project were handled by the assignment supervisor. 
• The project will only be restricted to components connected to the device. 
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1.6  Requirements 
 
At an early stage in the project, some of the requirements were discussed with the supervisor to 
better understand how the components of the current device and nutrient delivery device were to be 
integrated. The four factors of robustness, simplicity, maintenance and safety were used to specify 
the requirements. (table.1) 
 

 Requirements 

1 Simplicity 

1.1 Ergonomical tube placement 

1.2 Simple and better flow with the peristaltic mechanism 

1.3 Easy to open/close the cover  

1.4 Fewer buttons 

2 Robustness 

2.1 Ability to withstand abnormal forces and falls 

2.1.2 Strong tube holder attachment  

2.1.3 Function up to 3 years 

3 Maintenance 

3.1 Easy to remove components  

3.2 Waterproof  

3.3 Easy to clean 

4 Safety 

4.1 Only one way to attach to tube holder 

 
Table.1 Requirements 
 

1.7  Project Planning – Work Breakdown Structure 
 
The next chapter describes the Work Breakdown Structure (WBS) which was made to show the different 
tasks planned for this project. (Figure.2) 
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Figure.2 Project planning, Work breakdown structure.
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2. Theoretical frame of reference 
 
This chapter contains the referential research of tools used to support the decision making and 
foundation of the project. 
 

2.1  Work Breakdown Structure (WBS) 
 
A WBS is a method used to structure and organize the processes and activities done in a project. 
The processes and activities are then systematically structured in hierarchical tree structure. The tree 
structure has to include all work done in the project and mutually exclusive elements. In other 
words, all jobs done in the project should be included with no overlap in activities. In the WBS, 
outcomes and results are included instead of actions.  
 
A WBS (figure.2) is neither a project plan nor a time plan; it only specifies what will be done, not 
how and when. The WBS shows how this project was planned and its division into different phases 
in which certain tasks were planned. There is no specific chronological order in the WBS. (Booz, 
Allen, & Hamilton, 2011) 
 

2.2  Functional Analysis 
 
A function structure diagram or FSD is a graphical representation of a product´s functions, its 
inputs and outputs. In the diagram, the functions are broken down into sub-functions. The sub-
functions are then connected by flows which represent material, energy, and information. The flows 
are operations that the product performs that leads to either inputs or outputs. 
 
Material flow is any type of physical entity that is transformed into something new by the device. 
For example, ground coffee and water can be transformed into coffee by the coffee machine. 
Energy flows are any form of energy that makes something happen. This can include electrical 
energy to magnetic energy. For example, a water heater creates heat energy from electrical energy. 
Information flow is a signal that is either given to the user or within the device itself to the device 
user. For example, the start/stop button gives the device a signal when to start and stop.  
 
The next step in the FSD is to create a black box model of the product (figure.3). In this model, the 
overall function of the product and the input flows of the product as well as the output flows are 
determined. In all products, there are always desired and undesirable flows. Examples of undesirable 
flows include noise or heat (Farris, 2016). 

 
Figure.3 Black box consist of material, information and energy.
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2.3  Pugh Decision Matrix 
 
A Pugh Matrix is a matrix diagram that compares design concepts to determine which best meet a 
set of criteria. It also permits a qualitative optimization of the alternative concepts. The Pugh Matrix 
is easy to use and relies upon a series of comparisons between design concepts against a number of 
criteria or requirements. One of the key advantages over other decision making tools is that this 
matrix has the ability to handle a large number of decision criteria. The quality of the decision using 
Pugh Matrix is related to the quality of the selected criteria. (Figure.4) 
 
The first step in the analysis is to construct a matrix. Then all relevant criteria and concepts to be 
evaluated are listed. These criteria are given different values in terms of their weight or importance. 
The values depend on how important a criterion is to the customer. For example, these values can 
have a range from one to five, where one is not so important and five being very important. After 
this, all concepts are compared and a reference concept is chosen. The reference concept could be a 
current solution or a solution that is believed to be the best. 
 
Concepts are then marked with a (+) better, (-) worse or (S) same. These signs are compared to the 
reference concept. The reference concept is not marked with any signs. When the signs are well 
considered and distributed to all other concepts, they are added by first multiplying with the 
weighting values. The total score determines which concept is the better one (Burge, 2009).  
 

 
Figure.4 Template of a Pugh decision matrix (Baxter, 2015).
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2.4  Standards and Standardization 
 
Standards are applied to every aspect of the process including the performance of a task to the 
dimensions of screws or other relevant components. These standards are important to reduce 
misunderstandings and make it easier to introduce a new task (Läkemedelsverket, 2014). 
 
Laws and standards are implemented so that the medical devices are safe and suitable for its 
purpose. The purpose of the laws and standards is to prevent accidents by putting requirements on 
the products (Läkemedelsverkets författningssamling, 2004). Standardizing within the medical field 
seeks to achieve the following: 
 

• Patient and staff security 
• Higher quality of products 
• Competitiveness 
• Time and money savings 
• Simplicity 

 
These points can be achieved by following the steps in ISO 13485, in Figure.5. 
 
Medical devices have standards for cleaning, disinfection, and sterilization. These tasks have 
different standardized routines. Following standards prevent infections regardless of the different 
products. Standardization of medical products requires healthcare providers, manufacturer, 
suppliers, and the government to agree on common requirement for manufacturing and use of a 
medical device (Swedish Standards Institute, 2016). 
 

 
Figure.5 Steps for standardizing a medical device (Murfet, 2014)
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2.5  TRIZ 
 
TRIZ is a problem solving analysis and forecasting tool. According to the creator of TRIZ, 
Altshuller, at the heart of many problems lies a contradiction. A common kind of contradiction is a 
trade-off. With any positive, there is also some kind of involuntary negative effect associated it. 
 
The 40 solutions (or inventive principles) of a TRIZ analysis can usually be applied to all problems 
to solve the contradictions. A TRIZ analysis helps to identify aspects that are improving or 
deteriorating. This is then matched with the attributes of TRIZ Methodology. These 39 attributes 
can be used to define the problem in a simpler way. (Ekmekci & Koksal, 2015) 
 
For example, if the service of a company is customized for each customer, then the service delivery 
system becomes more complicated. The attributes used for service customization is adaptability, 
which is the positive factor. The attribute used for service complexity is system complexity, which is 
the negative factor. The red ring in the matrix shows the four most popular solutions to these kinds 
of problems in descending order which can be seen in the figure.6 (Domb, 2016). The solutions of 
the example are 15: Dynamics, 29: Pneumatics and hydraulics, 37: Thermal expansion, 28: 
Mechanical substitution. 
 
 

 
Figure.6 Section of Contradiction Matrix (Domb, 2016) 
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2.6  Failure Mode and Effect Analysis 
 
Failure mode and effects analysis (FMEA) is a structured failure analysis. FMEA is done to check 
potential failures that may disrupt the primary function of the device. An FMEA is often used as the 
first step of a system reliability study. Different types of FMEA analysis such as Design FMEA 
(DFMEA) and Process FMEA (PFMEA) can be applied at different stages of the design process. A 
DFMEA is performed prior to a product´s completion. A PFMEA is performed prior to the release 
of the design for the process. 
 
FMEA involves reviewing components, assemblies, and subsystems to identify failure modes. While 
reviewing the components, three important factors are studied to include the following: 

• Severity – How much does a failure affect the product from performing its primary 
function? Severity is determined by the degree of injury, property damage, system damage, 
and loss of time to repair.  

• Occurrence – What are the rates of failure for the component? 
• Detection – What are the chances of detecting the potential cause/mechanism and 

subsequent failure? 

These factors are ranked with numbers from 1-10, with 1 being the positive outcomes and 10 as the 
negative outcomes. For example, if the detectability is very low for a components failure mode, then 
it is given a number from 5 to 10, depending on the level detectability. When all these numbers are 
determined, the Risk Priority Number (RPN) can be calculated by multiplying the three numbers. 
The higher the RPN is for a component, the bigger the failure mode (Rausand & Hoylan, 2004). 

Some FMEA include additional information such as proposed actions to decrease the risk level of 
the failure mode. FMEA is an effective tool to use to identify improvements, improve productivity, 
and identify roots of different problems a product may have. 
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2.7  Human Factors and Ergonomics 
 
Human factors and ergonomics (HF&E) is a practice of designing a system, product, or process 
with a focus on the interaction between it and the human user. In this case, HF&E applies to a 
product. The user will interact with the product in the following four ways: 

• Operating - How the person is positioned to start or operate the product 
• Turning On – How the person turns on the product and how they operate it 
• Interpreting Feedback – When the person looks out for information that the product 

might give during operation 
• Controlling – How the person responds to the information that is given by the product. 

The ergonomic study based on these four interactions identifies specific design aspects to consider 
when developing and designing the product.  
 
Two other interactions beyond these four include the interaction of the manufacturers of the 
product and the maintainers of the products. Depending on the main product user, different 
assessments of the ergonomic study may result. 
 
To increase safety and the quality to the product, ergonomic studies and human factors must be 
properly understood and applied to a design of a product. A product is perceived as ergonomic if it 
is comfortable to use, easy to use, and its operating condition is easily sensed. (Ullman, 2010) 
 

2.8  FEM-analysis 
 
The FEM-analysis was performed with Creo Simulate. In CAD (Computer Aided Design), it is 
possible to perform FEM-simulations on 3D models to analyze static stress, fatigue, buckling, and 
thermal analysis. FEM stands for Finite Element Method. FEM is a numerical technique for finding 
approximate solutions to boundary value problems for partial differential equations. 
 
FEM divides a large problem into smaller, simpler parts called finite elements. With a complex 
product, reducing the complexity of a bigger structure into smaller elements results in a simpler 
analysis. This method of analysis, however, does not result in a complete answer if, for example the 
component will break or not. The user needs to enter the information into the simulation and the 
result needs to be interpreted by the user themselves (Toogood, 2012). If a component have a risk 
of failing, this problem could be solved by changing its properties for example material or 
dimensions. 
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3. Analysis of the Existing Devices 
 

3.1  Nutrient Device 
 
The nutrient device works similarly to the drainage device, but the pumps function in reverse. 
Similar to the drainage devise, the nutrient device has a peristaltic pump connected to a motor. The 
tube formation in this device is different from the drainage device, where the tubes are held in place 
with a tube holder, but the tube can be difficult to insert into the tube holder attachment. These 
problems are discussed later in this chapter. 
 
Unlike the drainage device, the nutrient device has buttons to adjust the settings with a display that 
shows the response of the device (figure.7). The device also has a cover that protects the tubing 
formation and the peristaltic pumping mechanism. The interactions between the components can be 
seen in figure.8. 
 

 
Figure.7 The nutrient device (Stella Medical AB, 2016) 
 

 
Figure.8 Interaction between components in the tube placement 

Tube 

Tube holder 
attachment Tube holder 

Holds Held in place by 

Attached to 
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3.2  Peristaltic Pump 
 
The peristaltic pump is a type of displacement pump used for pumping a variety of fluids. The fluid 
is pumped through flexible tubes that are fitted around a rotor within a circular casing. The rotor has 
a number of rollers (figure.9) attached to the circumference that helps compress the tube during 
rotation. A part of the tube is pinched thus forcing the fluid to be pump through the tube. 
 
A variety of peristaltic pumps were researched in order to understand how tubes react to different 
quantities of rollers. 
 

 
Figure.9 The peristaltic pumping mechanism (Stella Medical AB, 2016) 
 

3.3  Analysis  
 
In this sub-chapter the two existing products are analyzed using a function structure diagram and 
TRIZ. These tools are used to define the problems for the existing products. 

3.3.1  Function Structure Diagram 
 
In order to understanding the different components and how they work, a product analysis was 
conducted to analyze the existing products further. A function structure diagram is a graphical 
representation of the products functions as shown below. In the diagram (figure.10), the functions 
are broken down into sub-functions.  
 
The sub-functions are connected by flows which represent material (black arrow), energy (red 
arrow) and information (dotted arrow). The material flow is any type of physical entity.  In this 
design, a flexible tube is the physical entity. The energy flows are any form of energy that makes 
something happen. An example of manual power to move the device can be seen in the figure 
below. In other words, energy is required for the user to manually move the device into position. 
The information flow represents that a signal has been given to indicate that something is 
happening.  For this device, the screen or indicator shows when the peristaltic mechanism is 
rotating.

Rollers 
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Figure.10 Function structure diagram 

3.3.2  TRIZ 
 
A TRIZ study was also conducted to analyze the product. The study was divided into two parts. The 
first part involved drafting a list of pros and cons for the both existing products (figure.11). The red 
arrows point to problems and the light green arrows indicate the effective aspects of the products. 
The analysis applied the 40 principles of TRIZ so that potential solutions could be found for the 
problems. Figure 9 shows the different positive and negative features of the exiting products. 
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Figure.11 Pros and cons of the existing devices 
 

3.4  Analysis of the Nutrient Device 
 
The analysis of the nutrient device using TRIZ and function structure diagram showed problems 
with the device. Solutions to these problems informed the design changes to the drainage device. 
The problems are assessed below. 
 
The cover has a difficult to open locking mechanism (Figure 12). It locks by pressing it down and 
unlocks by pressing on the upper circle area of the cover shown below. This is very uncomfortable 
and hard to manage with one hand. Considering the users are elderly patients, this may be a problem 
for them. A simpler locking mechanism was designed for the new cover.  

 
Figure.12 The locking mechanism of the cover 
 

Wrap around 

Too complex  

Houses  
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The tube holder and its attachment have multiple problems. It was difficult to wrap the tube around 
peristaltic mechanism because the holder is too long and its attachment is too far away from the 
peristaltic pumping mechanism. The holder was also difficult to insert into the attachment due to its 
complex structure. Figure 13 shows the problem area. 
 
 

 
Figure.13 Tube holder and its attachment 
 
Since the nutrient device allows the user to adjust many settings, multiple buttons allow the user to 
operate each setting. For example, there is a button for the pumping speed. There are too many, 
small buttons (figure.14) which can be difficult for elderly users who may have poor eyesight. These 
functions are not needed for the drainage device since a driver was programed to carry out these 
functions. The only buttons the drainage device requires are the ON/OFF and start/stop.  
 

 
Figure.14 Buttons 
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4. Post Analysis, Phase A 
 

4.1  Implementation 
 
The implementation phase begins with the second part of the TRIZ analysis, where solutions were 
found for the problems in the existing products, followed by the conceptual generation of the 
components that were to be changed. Ergonomic studies were also done to give a deeper 
understanding of the interaction between the user and the product. The results of these analyses 
were applied throughout the entire project. The phase ends with the final visual results of the 
drainage device. 
 

4.1.1  The 40 Principles of TRIZ 
 
The 40 principles of TRIZ was based on the first part of the TRIZ studies which showed the 
positives and negatives of the existing products. The red arrows were taken from Figure 9, and the 
contradictions were used to identify the problems. These contradictions were matched with the 39 
attributes to define the problems simply. After defining the attributes, the principles were found 
with the help of the contradiction matrix. 
 
An example of TRIZ analysis is the marked problem shown in Table 2 which shows that the 
existing device has a durable tube and tube holder structure of the tube and tube holder but had 
attachment difficulties. In this case, the attribute used was Stability for the tube formation and Ease of 
operation for attachment difficulty. The principles can be found by following the rows and the 
columns of the attributes until they meet. This resulted in three principles, 32, 35 and 30. Principle 
35c, “Change the degree of flexibility” showed a promising solution for the problem.
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+ - Applied principles to 
Matrix Solution used Principle/s used 

Liquid Drainage 
Causes pain/ 
irritation for 

patient 
3,35,40,39 3b 

Make each part of an object 
function in condition most 
suitable for its operation 

The attributes used for the positive outcome is quantity of substance and the negative outcome is object-generated harmful factors. 
The problem with the irritation caused by the vacuum bottle at the beginning of the process was an issue for the patient. 
The vacuum bottle was changed to a bag to store the seroma. 

Multiple 
functions Too many buttons - 

Both problems use the same attributes, therefore causing the matrix to give a neutral box. There is no solution to this 
problem. 

Good tube 
formation 

Attachment 
difficulties 32,35,30 35c Change the degree of flexibility 

The attributes used for the positive outcome is Stability of the object´s composition and the negative outcome is Ease of operation. 
By reformatting the formation of the tubes with a new holder there will be less attachment difficulties and fluid flow will 
improve. 

Strong cover Difficulty to 
open/close 32,35,30 32b and 35c 

Change the transparency of an 
object or its external 

environment 
 

Change the degree of flexibility 

The attributes used for the positive outcome is Stability of the object´s composition and the negative outcome is Ease of operation. 
The cover´s opening style had to change as well as its design. Transparency has to be added to simplify the vision over the 
mechanism in process. 

 
Table.2 Results of the 40 principles of TRIZ 
 

4.1.2  Concept Development 
 
The four main requirements of simplicity, robustness, maintenance and safety guided the ideation 
phase. Before brainstorming ideas, it was decided that the main components should be developed 
separately. The best concept of each component would then be put together into one concept. The 
best concept of each component was determined by PUGH matrix and discussion with the 
customer.
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4.2 Concept Development 
 
In addition to a new locking mechanism, new features for the cover that were discussed with Stella 
Medical AB included the following: 
 

• Simple opening style of the cover 
• Transparent parts of the cover to allow the user to clearly see the mechanism in process. 
• Effective protection of the user from the mechanism 
• Secure positioning of tubes around the mechanism  

 
Five different concepts for the cover were developed. Some were similar to the existing cover and 
others were completely new. The sketches completed for the covers included sequences which 
explained the general use of the concepts. Two types of arrows were included to show the function 
as well as the components. The sketches and its explanations are shown and described below. 
 

4.2.1  Cubic cover 
 
The cubic cover concept is easy to use and suitable for older patients. In comparison to the existing 
cover, this concept is easier to attach and detach which was a main problem in the existing device. 
The cubic cover design simplifies the attachment and the detachment of the cover. 
 
This concept solely covers the peristaltic pump shown in Figure 15. The whole cover, however, is 
transparent which allows the user to see the mechanism in use. Because the cover only protects the 
pump, the disposable tube is unprotected when the device is running. This may interrupt the flow of 
the liquid. 
 
Figure 15 shows the process when the cover is attached to the device and the button release 
mechanism. When the device is in use or during cleaning, the cover should be placed on the cover 
stand. The stand is effective in eliminating the chances of the patient losing the cover before 
operating the device. This way the cover stand also saves time. A drawback of this cover stand is 
that it takes extra space and has a risk of easily breaking.



22 

 

 
Figure.15 Sketches of the cubic cover 
 

4.2.2  Cuboid Cover 
 
The cuboid cover concept is similar to the cubic concept. In comparison to the cover on the 
nutrient device, the cuboid cover concept is easy to use and to clean due to the cover not being 
connected on the device. 
 
The cuboid cover is transparent in its entirety, but it has a longer body than the cubic cover design 
and thus supports the disposable tube. The longer body makes this concept more durable than the 
previous one, and due to its tube coverage, the liquid drains safely. 
 
Figure 16 shows the cuboid cover design. When the cover is attached, pushing a button detaches the 
cover from the device, much like the previous concept. The tube support in this concept stabilizes 
the disposable tube and improves liquid flow through the tube.
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Figure.16 Sketches of the cubic cover 
 

4.2.3  Slider cover  
 
The slider cover, as its name suggests, allows the user to slide into an opening until it reaches a 
position where its locks. It slides with the help of smaller profiles. The cover is held in the opening 
with a locking mechanism connected to the buttons on the sides of the cover. The buttons on the 
cover can then be pressed to unlock the cover and slide it out again. The cover functions similarly to 
a plastic clasp 
 
Instead of being entirely transparent like the previous concepts, a window was created where the 
peristaltic pump would be rotating to allow the user to see its rotations. The window can be seen on 
the top view in Figure 17. 
 
The positive aspects of this concept design are the locking mechanism and simple opening style. 
The rounded cover improves the ergonomic aspects of the cover, making it easier for the user to 
hold it. The cover can be easily cleaned since it is not linked to the device in any manner. However, 
since the cover is not attached, the cover could be misplaced when it is not connected to the device. 
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Figure.17 Sketches of the slider cover 
 

4.2.4  Gas Spring Cover 
 
The gas spring cover design uses gas springs to open. The design includes a soft cushion on the top 
of the cover which functions as a button to unlock the cover. The user unlocks the cover by 
pressing the soft cushion, causing the gas spring to be released, opening the cover. The gas spring 
reloads when it is closed.  
 
The cover is connected to the device with a moment axis on the back of the cover that allows the 
cover to be stuck to the device when opened (figure.18). This cover is meant to be opened outwards 
from the user with the user standing in the front of the device. This concept does not have a 
transparent cover as the soft cushion covers almost half the top of the cover. 
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Figure.18 Sketches of the gas spring cover 

4.2.5  Button Cover 
 
Much like the previous concepts, the button cover design connects to the device with a moment axis 
link. However, this concept has the axis link on the side of the cover, allowing the user to open the 
cover sideways if the user is standing in the front of the device. 
 
The sketch is seen from the perspective of the user. Similar to the nutrient device, the cover is held 
in place with a locking mechanism. Pressing the button releases the mechanism, allowing the user to 
open the cover. The cover locks once the user closes it. This concept has a transparent window on 
the top of the cover much like the slider cover as shown in the top view in Figure 19.
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Figure.19 Sketches of the button mechanism 

4.3  Concept for Tube Holder and its Attachment 
 
The tube holder holds the tube in position inside the tube holder attachment. The tube holder needs 
to allow easier flow of the seroma during the drainage process. 
 
The design of the tube holder attachment depends upon the design of the tube holder. Therefore, 
the tube holder attachment design was completed after the concept for the holder was chosen for 
further development. The end parts of the disposable tube have different end pins. These pins are 
specifically designed to fit the tube from the body or to the container.  
 
The liquid is supposed to drain from the body to a container, so the incorrect insertion of the 
holders may result in malfunction. The function of the tube may be reversed. Instead of liquid 
drainage, air may be pumped into the body instead. The following three designs were developed for 
the tube holder: single tube holder, dual tube holder, and vertical tube holder.
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4.3.1  Single Tube Holder 
 
The design of the single tube holder focuses on ease of connecting the tube holders with the 
peristaltic pumping mechanism. Although it may seem like it is similar to the nutrient device´s 
holder, the single tube holder does have differences. The red part of the tube is the disposable part 
of the tube, as shown in Figure 20. 
 
With this concept, both sides of the tube connect to one holder like the nutrient device holder. The 
easiest most successful way to operate this concept is to first wrap around the tube on the peristaltic 
mechanism and then insert the tube holder into the holder attachment. It may be difficult to wrap 
the tube around the peristaltic mechanism because both sides of the disposable tube are in one tube 
holder, forcing the user to stretch the tube around the pumping mechanism.  
  
However, this problem can be solved by moving the tube holder attachment closer to the peristaltic 
mechanism, eliminating the need to stretch the tube. On the magnified figure below, rubber 
cushions are shown on the tube holder. These cushions stabilize the tube holder. 
 
The tube may get pull strain during wrapping, but the red part is a disposable tube which will be 
thrown away after use. Therefore, pull strain is not a big concern. 
 

 
Figure.20 The top view sketch of the single tube holder, with a magnified view of the holder 
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4.3.2  Dual Tube Holder 
 
The dual tube holder concept focuses on connecting the tube to the device and the ease of wrapping 
the tube around on the mechanism. The disposable tube would wrap all the way to tube holder. 
 
This design also shows how the tube holder would look like at the conceptual stage. Rubber 
cushions on both sides of the holder shown in the magnified view in Figure 21 stabilize the tube 
holder. The patient would put this tube holder in an attachment that is shaped in a similar form as 
the holder. The attachment would have two rectangular openings in the shape of the rubber 
cushions as shown in the figure below. These cushions should be fixed so the tube holder can be 
stable. 
 
With this design, the patients may have a greater chance of incorrectly inserting the holders, causing 
a reversed drainage. 
 

 
Figure.21 Top view sketch of the dual tube holder, with a magnified view of the holder 
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4.3.3  Vertical Tube Holder 
 
The vertical tube holder concept has two tube holders on two different sides of the device that has a 
vertical formation across the device. Much like the previous concepts, there are rubber cushions on 
both sides of the holder.  
 
The vertical position of the tube may weaken the pumping process as it is not firmly wound around 
the peristaltic pump. For that reason, a wall was designed behind the tube to support the pumping, 
as shown in Figure 22. 
 
To minimize the chances of incorrect insertion, a particular formation was designed for this 
concept. The seroma is drained from body (the northern tube holder) to a container (southern tube 
holder). With this particular formation of tubes, the risk of incorrect insertion decreases. 
 

 
Figure.22 Top view sketch of the vertical tube holder, with a magnified view of the holder
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4.4  Decision Basis 
 
One concept for each component was chosen for advancement in development using a PUGH 
matrix. The strongest contenders of the PUGH matrices were presented to Stella Medical AB, and 
after a discussion with them, decisions on the concepts were made. 
 
The criteria used for the PUGH matrices included the four requirements for the device discussed 
beginning of the thesis, as well as one or two additional criteria, depending on the component in the 
matrix. The four main requirements are broad factors that were included in all matrices and had 
been deepened to specifically adapt to the components. The results of the PUGH matrices are 
shown in tables 3 and 4. 
 

• Simplicity –Ergonomic and easy to use   
• Robustness – Durable components 
• Maintenance – Easy to clean. 
• Safety – Minimal chances of misuse of the component to chances of mistakes. 

 
Two cover concepts had equal amount of points in the PUGH matrix: the slider cover and the gas 
spring cover. After a discussion with the customers, a decision was made that the slider concept 
would advance into the development phase. This was due to the slider cover having easier 
mechanical aspects and was cheaper to produce. The single tube holder was determined to be the 
most suitable. Although Stella Medical AB was satisfied with its design, a suggestion was made to 
further develop the holder itself, as it still posed risk of incorrect insertion.
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Key Criteria 

Insertion Simplicity 5 + + - + 
Ergonomic 4 S + + + 
Durability 5 - + + + 
Manufacturing Cost  3 S - - - 
Safety 3 S + + 6 
Maintenance 4 S - - - 

   

Sum of Positives 1 4 3 3 

Sum of Negatives 1 2 3 2 

Sum of Sames 4 0 0 0 

Weighted Sum of Positives  5 17 12 17 

Weighted Sum of Negatives -5 -7 -12 -7 

Total 0 10 0 10 

 
Benchmarking Option: Cuboid Cover 
 

Concept Selection Legend 

Better + 

Same S 

Worse - 
 
Table.3 PUGH matrix for the cover concepts 
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Key Criteria 

Insertion Simplicity 5 S S 
Durability 5 + - 
Manufacturing Cost 3 S S 
Reverse Insertion Risk 3 + - 
Maintenance/Cleaning 4 S S 

 

Sum of Positives 2 0 

Sum of Negatives 0 2 

Sum of Sames 3 3 

Weighted Sum of Positives  8 0 

Weighted Sum of Negatives 0 -8 

Total 8 -8 

 
Benchmarking Option: Dual tube holders 
 

Concept Selection Legend 

Better + 

Same S 

Worse - 

 
Table.4 PUGH matrix for the tube holder concepts 
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4.5 Further Development of Tube Holder 
 
The tube holder and its attachment went through different iterations to ensure that it would be 
impossible for the user to insert the tube-holder backwards. The risk of reversing the pumping 
mechanism can lead to dire consequences.  
 
The tube holder design is unsymmetrical and sturdy. These properties ensure that tube holder is 
correctly inserted and at the same time held in place. The development and design of the placement 
changed continuously. 
 
Figure 23 shows the first iteration of the concept. Named the solid placement holder, it was 
developed with the idea of having a greater emphasis on sturdiness, with some focus on asymmetry. 
The tube holder concept design fit too tightly to the attachment. 
 
The shape of the holder was square shaped with smaller openings on both the front and back of the 
holder for it to fit the attachment properly. This formed a solid H-shape for the holder itself. 
 
The attachment had openings (red circle in Figure 23) on both sides to support the plastic cushions 
(blue circles in Figure 23). The tube holder attachment had two plastic walls for the holder´s 
openings to fit into to attach securely during the drainage process.  
 
It was then decided that this design was too symmetrical with large risks of incorrect insertion of the 
holder in the attachment and was thus set for continued development 
 

 
Figure.23 CAD model of the solid placement holder 
 
To adjust the symmetry of the holder, the concept design was changed, keeping most of its features 
from the former design. This allowed the holder to maintain the sturdiness from the former design. 
The first thing that was changed was the cushions used to hold the holder in its place while the 
holder was within the attachment.
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The cushion was specially designed to eliminate the possibility of the user to insert the holder upside 
down. The cushion was designed in a triangular prism shape, with a corresponding opening of the 
same shape. The cushion is shown in Figure 24. 
 

 
Figure.24 CAD model of the new cushion design. 
 
The differences between this concept and the solid attachment concept is the holder opening and 
the tail on the back. The attachment now had two smaller walls (see red arrows in Figure.25) to hold 
the tail on the back of the holder. This would prevent any form of incorrect insertion of the holder, 
neither reversed or upside down. Figure 25 shows the holder and its placement. 
 
Another problem arose, however. The smaller walls that held the tail had an increased chance of 
breaking and even caused maintanence to aggravate, making it harder to clean. Further development 
was then done to this concept to address the problems with maintanence while retaining all the 
features from this design. 

 
Figure.25 CAD model of the second redesigned holder and its placement 
 
The concept design was once again changed to make the device sturdier, easier to clean, and easier 
to insert in the attachment. Additionally, the tail on the back of the tube holder and two smaller 
walls were removed. This design still maintained the desired asymmetry and ease for insertion of the 
holder into the fitting. The shape of the holder itself was similar as the former two designs but 
without the opening on the front or the tail on the back. 

Tail 
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The removal of the tail on the back decreased the need for maintenance on the attachment and 
simplified the insertion of the holder. The development of the holder was halted at this phase as it 
was decided that this design for the holder was appropriate and unique for its use. Figure.26 shows 
the design that was settled on. 
 

 
Figure.26 CAD model of the flat sided holder 
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4.6  Result 
 
This chapter describes the next stage in concept advancement. The designs are further developed 
and modeled in CAD for visualization. The design of the device itself is discussed explaining what 
was modeled and why. A process flow diagram showing the operation of the device can be found in 
the second post-analysis chapter (phase B). 
 

Figure.27 Full model of the device 
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4.6.1  The Drainage Device 
 
Stella Medical AB provided a sample design with the shape and measurements of the drainage 
device to be used as a benchmark. The measurement and its approximate design were used when 
optimizing the device. 
 

4.6.2  Cover 
 
The slider cover was developed with a transparent window on the top of the cover. This window 
allows the patient to see the peristaltic mechanism in operation. The buttons on the sides of the 
cover are linked to a small locking mechanism that unlocks once the button is pressed. A small 
profile was made at the bottom of the cover to simplify sliding of the cover. The red circle in Figure 
29 indicates the locking mechanism (clasp feature) that enters an opening. 
 
The cover was made to be round for a comfortable grip and to shape around the tube to support 
the drain process, maximizing the drainage (figure.28). The interior portion of the cover back will 
support the tube by squeezing the tube against the peristaltic mechanism. The cover back is shown 
by the arrow in Figure 29. 

 
Figure.28 Cover insertion, the blue arrow shows the direction of how the cover is inserted into the device. 
 

 
Figure.29 Perspective view of the slider cover 

Transparent 

Transparent 
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The opening was extruded out of the device to make room for the slider to slide freely. Another 
smaller opening was cut out at the end of the opening for the clasp feature to lock. This is indicated 
within the red circles in Figure 30. 
 

 
Figure.30 Opening for locking mechanism 
 

4.6.3  Tube Holder and Tube Holder Attachment 
 

 
Figure.31 Flat side tube holder 
 
The tube holder attachment has two “walls” with openings to secure the tube holder tightly. The 
third wall positions the holder. The absence of the fourth “wall” allows insertion of the holder from 
two different angles, as shown by the red arrows in Figure 32. This simplifies the process, causing 
less confusion as well as reduces the chance of inserting the tube in the wrong position. 

 
Figure.32 Tube holder attachment

Support wall 

Attachment walls 
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A tube support was created in the modeling process to hold up and balance the tube while it is 
wrapped around the pump to allow a better flow for the seroma. The support was created to be 
close to the mechanism as well as the tube holder attachment to prevent the tube from sliding down 
the mechanism during the drainage process. Figures 33 to 35 shows process of inserting the tube 
holder and the support holding up the tubes.  
 

 
Figure.33 Tube support in between the peristaltic pump and the tube holder attachment 
 

 
Figure.34 A completed tube formation with the tubes around the peristaltic pump 
 

 
Figure.35 Tubes in place for the drainage process

Tube support 
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4.6.4  Buttons and Diodes 
 
The buttons were redesigned to reduce the complexity in present design as shown in chapter 3, 
Figure 13. The buttons had too many functions which could lead to confusion for the elderly 
patients. The new design increased the size of the buttons for ease of usage. The buttons now only 
had the two important functions for the drainage device, ON/OFF and start/stop (figure.36).  
 
The process can be paused by pressing on the start/stop button for 3 seconds, when the peristaltic 
mechanism is running. Additionally, the buttons are a part of the device membrane to avoid damage 
while cleaning. To make the buttons more user friendly, different colors may be applied to avoid 
confusion. The rest of the functions were supposed to be controlled by the driver (controller). The 
driver’s functions is explained further in sub-chapter 4.6.5 “Device interior.” 
 
The device had two diodes modeled. The first diode indicates with a green light when the device is 
on. The green light should start to pulsate when the peristaltic mechanism and the pumping starts. 
Because this concept does not have a display, the green light can indicate the different phases of the 
process. The pulsing indicates to the patient that the device will be starting the drainage procedure. 
This way the patient can prepare for the draining. The second diode indicates with a red light a low 
battery. When the red light is lit, it is recommended to stop the pumping. This diode remains red 
until a charged battery is connected. 
 

 
Figure.36 Top view of the device 

4.6.5  Device Interior 
 
The interior of the device consists of four components. The first component is the lithium battery, 
shown in Figure 35. Since the dimensions were not given, they were then specified according to 
product description in (Yangzhou, 2010). The battery is rechargeable which makes it more 
economical for the patient, eliminating the need to buy new batteries. The battery is easy to attach 
and detach because the whole battery is visible when the battery cover is not attached. The battery 
can be removed by first removing the screws which are fastened in the battery wall through the 
battery cover, shown in Figure 37. Then the battery cover can slide open (Figure 37). The battery 
cover also has a lock mechanism fastened to the battery wall, shown in Figure 38. The battery cover 
has two small rubber walls next to the motor to prevent damage from the vibration, shown within 
the black circle in Figure 38. 
 
The battery wall has three purposes. The first purpose is to connect with the battery. The second 
purpose is to support the controller. The controller would otherwise move around inside the device 
causing damage to the wires connected to it. The battery wall is also fastened with the battery cover 
(Figure 39). The electronic wire from the battery would go through the battery wall but is not 
specified in the model.

ON 
OFF 

START 
STOP Red diode 

Green diode 
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The driver (controller) is supposed to control how the motor runs, shown in Figure 40. 
Furthermore, the motor is attached to the peristaltic mechanism. The motor will rotate with a speed 
depending on the programming. The programming was designed with Nanopro software. This 
software specifies the torque, current, etc. (Fulling motor, 2016). This program is then sent to the 
driver. It will then carry out the functions described in previous sub-chapters. The driver will be 
linked with the buttons, motor, diodes, and the battery 
 

 
Figure.37 Bottom of device 
 

 
Figure.38 Battery cover features

Rubber walls 

Lock 
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Figure.39 Device without battery cover 
 

 
Figure.40 Device without battery wall 
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5. Post-Analysis, Phase B 
 

5.1  Implementation 
 
In this chapter, the results of phase A are evaluated with a variety of tools: the Process Flow 
Diagram, FMEA, a deeper ergonomic study, and FEM. 
 

5.1.1  Process Flow Diagram 
A process flow diagram was created to understand the mechanism of the drainage device from start 
to finish. In the process flow diagram, every task until the drainage procedure begins is explained. 
The operation is first explained step by step. The process flow diagram is later shown with pictures 
representing each step. 
 

1.  The first step should be done gently because of the components on the other side of the 
device. A battery is connected to the device. The device is attached with a battery wall 
which is connected to the battery. 
 

2. Battery cover should now cover and protect the battery and every other component inside. 
The battery cover slides in, screw it together with the battery wall to fasten. 
 

3. Flip the device so no components get damaged. Remove the cover protecting the peristaltic 
mechanism by squeezing the button shaped feature. 
 

4. Wrap the tube around the peristaltic mechanism and place the rest of the tube on the 
support. Attach the tube holder into the attachment. Make sure that the holder is properly 
attached. 
 

5.  The mechanism cover should now be placed over the peristaltic mechanism again. Squeeze 
the cover and slide it over the mechanism, until a click is heard. Once it is locked, push the 
ON/OFF button and the green diode should light up. 
 

6.  To start the drainage process, push the START/STOP button and the green diode pulsates 
when the procedure is started. 

 
-If the battery is low, it is advised to follow step one. If the battery is charging, please do not 
forget to slide in the mechanism cover for protection. The charging time for the battery 
should be around 2-4 hrs. If it is needed to pause the device, the START/STOP button 
should be pressed for 3 seconds. 
 

7.  Be aware that a red diode lights when the battery is low and is not a sign of component 
failure. The device should be stopped immediately by pushing start/stop button and then 
ON/OFF. The battery should be changed or charged as soon as possible. Follow step one 
and two to safely remove the battery. 
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Figure.41 Process Flow Diagram of the drainage device

1 2 3 

4 5 6 

7 
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5.1.2  FMEA 
 
After the product was developed, a DFMEA was created to check for potential failure modes. Most 
components are dependent on how well it is treated and do not fail by time for example the external 
components such as the cover and the tube holder attachment. However, if some components fail, 
like the motor and battery, the main function of the device may be disrupted.  
 
The severities of the components were ranked from one to ten. The higher the rank, the more 
severe the component failure is. If the component has a low severity of one, then there will no 
discernable effect to device functionality. The highest rank any component reached in the DFMEA 
is eight, which means that a failure of a component with this rank causes disruption to the device’s 
primary function. Most of the interior components have a severity ranking of eight, with the 
exception of the peristaltic mechanism. It has a severity of eight because it is essential for the 
drainage device. 
 
Occurrence is the chance of component failure. The higher chances for the component to fail, the 
higher the occurrence rank will be. The component with the highest occurrence is the cover, with a 
rank of four. This means that the failure rate is 1 per thousand applications. The cover has the 
highest rank because it is outside the device and also because it is the component used the most. 
 
The detection ranks between one and nine in the DFMEA. If the detectability is lower, the rank 
given is lower. That means that if a component has a detection ranking of one, it is almost certain 
for the user to detect a potential cause and subsequent failure mode. The interior components have 
lower detectability ranging from the ranks seven to nine, because the user is unable to see these 
components unless the device is opened. 
 
According to the DFMEA, the components that have the highest failure mode are the buttons and 
the controller. Both of which are essential for the device to work. This is because the components 
have a high RPN. The RPN was calculated by multiplying the ranks of the detection, occurrence, 
and severity of each concept. The buttons have a severity rank of 8, occurrence rank of 2, and the 
detection rank of 8, which results in an RPM of 128. The controller has a severity of 8, occurrence 
of 2, and detection 7, which results in an RPM of 112. 
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Table.5 Process Flow Diagram of the drainage device
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5.1.3  Ergonomic Study 
 
Since the product in development in this bachelor thesis is a medical product, it was important to 
properly study the ergonomics of the product. This helps to properly understand how the design of 
the product should be, since the product is small and is meant to be used often.  
 
The following were considered during the ergonomics studies of the component: 

• Easiness to hold the product 
• User friendliness 
• Durability of the product (depending how often it is used) 
• Suitability of the product to be held with both hands 

Since the primary users of the product are elderly patients, some of the components need to be very 
easy and user friendly. The main focus of the ergonomic study concerns the cover since it is used 
more than often than the other components.  
 
The patient interacts with the cover the most as it is used before and after the drainage process. The 
buttons of the further developed cover concept, the slider cover, will be used often to unlock the 
cover from its locked position.  
 
The type and shape of the grip as well as grip friendliness have been researched. The pulp grip, as 
seen in Figure.42, requires the users to use their index finger and thumb to press the buttons of the 
cover to unlock. Approximate forces were studied to understand how different grip style has 
different force impact (Hägg, 2001). Thereafter FEM was analyzed with different attempts force 
values until the tensile yield strength was reached. 

 
 
Figure.42 A picture of the pulp grip (Taylor and Shwartz´grip classification, 2007) 
 
While designing the components the ergonomic studies were taken in consideration. The shape of 
the cover has been designed as round and smooth to allow users to properly grasp the cover when 
pressing the buttons without experiencing discomfort in their palms. As was requested by the 
customer, a part of the cover needed to be transparent to show the mechanism in work and was 
thus designed in such a way. This gave the cover another function in addition to simplifying the user 
friendliness. The diodes are also used to visually show information like low battery
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5.1.4  FEM-analysis 
 
A FEM-analysis has been performed on the cover because that is the only component strained by 
the user. The cover does not carry or pull anything. The concentration of the force was only 
analyzed on the cover buttons. The cover was analyzed to understand its endurance of the squeeze 
force the user applies to it. 
 
The first step was to analyze if the cover affected other component in the product. The cover locks 
on the device body but is not connected to any other components of the device. The simulation was 
effective only with the cover due to its lack of connections to other components. Other components 
were excluded for a simple performed simulation. The cover was given a material with its 
materialistic characteristics. The cover was assigned with ABS plastic which has tensile ultimate 
stress of 110 MPa and tensile yield stress of 44.8 MPa. ABS plastic is resistant to a variety of bases 
and acids and is also very strong and rigid. Density and other material characteristics were also 
assigned.  
 
Three situations with three variations of forces were applied to the cover button. The first situation 
applied a force 20 N on the buttons, squeezing the cover from the sides. The second situation 
applied the force 30 N on the buttons and finally a force with 40 N was applied to the buttons. 
These situations were attempted until the tensile yield strength was reached. This force analysis is 
based on the ergonomic study done before designing the component.  
 
The way the user would hold the cover and the amount of force applied for the typical gripping 
stance was also analyzed. See appendix A to C for results.  
 
While simulating in Creo, forces and materials are assigned to the component to simplify 
circumstances. Material characteristics are linear, and the simulation does not take in consideration if 
the material is changed when the product is finally manufactured post project. For the simulation, 
the cover was fixed at three points. The first constraint was placed under the cover where it was only 
free in X and Y direction. The second constraint was placed on the clasp lock; this was free in both 
Z and X directions. The third and the last constraint was placed on the side profile which is spaced 
along the both sides of the cover. 
 
The first situation where the cover squeezed on the buttons resulted in the highest stress of 21.5601 
MPa and was mostly distributed equally near the cover button (Figure 43). This result show that the 
cover can handle this force, because the stress is far below the tensile yield strength. The second 
situation with the applied force of 30 N resulted in the highest stress is at 32.3402 MPa. These 
values are still low and do not pose a danger for the cover (Figure 44). The third and final situation 
with the applied force of 40 N resulted in the highest stress was 43.1203 MPa. The result is almost 
as high as the tensile yield strength. The force should not exceed 40 N to have a margin between 
tensile yield strength and the developed stress on the cover (Figure 45). 
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Figure.43 Force of 20 N 
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Figure.44 Force of 30 N  
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Figure.45 Force of 40 N 
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6. Conclusion and Discussion 
 
The goals of the thesis were accomplished. The visualization and model construction were 
successfully completed as the designs of the components were executed as planned. The function of 
the present drainage device and design of the nutrient device were integrated per the customer’s 
request. A reasonable design of the device was achieved and optimized to fit the criteria given by 
Stella Medical AB.  
 
The lack of specification made the modeling of the interior difficult. The first component inside the 
device was the motor. It was imported as a different file, making it impossible to change. It was, 
however, visualized in such a way making it possible to arrange the appearance of the device 
exterior. That included its width, height, peristaltic mechanism position, etc. Not being able to 
change anything on the motor made it difficult to connect any solid features to it. The second and 
third interior components were the controller (driver) and the battery.  
 
A battery wall was modeled to show how the battery could be fixed. The battery wall would also 
work as a support holder for the controller. This would be more efficient, compared to the holding 
screws. The battery cover was designed to be fixed onto the battery wall for easy battery 
replacement. The downside of the battery cover design is the screws attaching the battery wall since 
a screw driver (an external product) is needed to remove the battery. 
 
Before performing an analysis, it was observed that a FEM analysis was not mandatory for the 
device as it is only strained by the user and has no external forces applied to it. The strain was only 
applied to the cover, and therefore, it was decided that an analysis would only be done strictly to 
critical situations. The FEM analysis was done in Creo Simulate.  
 
The analysis was attempted with three situations to check how much strength was needed to reach 
tensile yield strength. The result values were not higher than the tensile yield strength. Since 40 N 
was close to the tensile yield strength, it is recommended to not be exceeded. The low values on the 
results could depend on how the constraints were made. The affected areas were similar in each 
situation, but the scale changed according to the force applied.  
 
The cover would maintain its purpose which has been ensured with different attempts during FEM-
analysis. The results indicate that the most stress occurred near the cover buttons were as expected. 
The analysis did not test the vibration occurrence when the device is operating. The vibration could 
loosen up the clasp lock if the vibration became strong enough. 
 
The ergonomic study was a very crucial part of the project. The device was given an ergonomic 
layout to fit the user´s needs and comfort. The force on the cover should fall below 40 N. Beyond 
40N and the precision needed to fit the cover on the device without damaging it decreases. 
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The device would be plastic for all components except the screw and motor which are metal. ABS 
or PVC thermoplastic would be effective for the components because both plastics are strong, rigid, 
and resistant to variety of bases and acids. Both plastics are also used for drainage systems.  
 
Some improvements would make the device more user friendly. The place the cover where the user 
is supposed to squeeze or press could be made of another material. The material could be softer or a 
different color which may also say squeeze or press here. It could be useful to have many helpful 
features because the patients are elderly. 
 
A contact of Stella Medical AB was sent to help demonstrate and teach the functions of the 
Nanopro 1.70.8.0. The programming was learned and attempted but was unsuccessful due to 
technical communication issues. The program did not respond to the motor that was provided by 
Stella Medical AB for testing purposes. A programming test would have been helpful to see how the 
peristaltic mechanism also provided by Stella Medical AB would work. A test also would have been 
helpful to see the reaction of the peristaltic mechanism with different tubes. 
 
The prototype creation was also unsuccessful, due to time constraints to send the model to the 
manufacturer or a 3D printer. A prototype would have allowed for a test of the product. A test of 
the device in operation would have shown if the cover or the peristaltic pumping mechanism held 
with the vibration that occurs during operation. 
 
The requirement of “strong tube attachment fitting” was one of the main problems worked on while 
developing the tube placement. Every iteration of this tube holder attachment concept made the 
concept better until it became fail proof. This meant that the user can only put the tube holder on 
one way into the attachment. The tube holder has rubber cushions on the sides which stabilizes the 
tube holder during the drainage process. The cushion concept came from the clasp lock system 
much like the one that inspired the slider cover concept. These locking mechanisms are very small 
but can withstand a large amount of force.  
 
A lock system could have been set for the battery cover instead of the screws to eliminate the need 
of a screw driver when changing batteries. That would also save some time when changing the 
rechargeable battery. A lock system would also eliminate the possibility of losing the screws which 
are small components and easily. 
 
An animation was made through the Autodesk 3ds Max software on the drainage device process. 
This animation made it easier to understand different tasks that were involved in the process. 
Furthermore, the animation inspired new and better ideas on how to improve the crucial 
components. The animation revealed some components were too small, big, or wrongly placed.  
 
The methods used in the project were relevant considering the extent of this thesis. Other than 
fulfilling Stella Medical AB’s requirements, the intention of the project was to learn more about the 
product development process. It has been very beneficial and worthwhile to use product 
development methods such as Pugh’s decision matrix, which was used when reflecting over 
different concept.   
 
Visits with the company supervisor and the supervisor at Valhalla campus lead to a greater 
understanding of the project and the problem in general. The implementation of the project was 
interesting as new methods as well as older ones from previous courses were applied. 
 
The result is a conceptual proposal which is not recommended to manufacture as it is designed. The 
concept may need some refinements in the interior portion. This may be used as an example to a 
drainage device, and with some improvements, this can be manufactured.
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