IDE Master Graduation Project

Project team, procedural checks and Personal Project Brief

In this document the agreements made between student and supervisory team about the student’s IDE Master Graduation Project
are set out. This document may also include involvement of an external client, however does not cover any legal matters student and
client (might) agree upon. Next to that, this document facilitates the required procedural checks:

- Student defines the team, what the student is going to do/deliver and how that will come about

- Chair of the supervisory team signs, to formally approve the project’s setup / Project brief

- SSC E&SA (Shared Service Centre, Education & Student Affairs) report on the student’s registration and study progress

- IDE’s Board of Examiners confirms the proposed supervisory team on their eligibility, and whether the student is allowed to

start the Graduation Project

STUDENT DATA & MASTER PROGRAMME

Complete all fields and indicate which master(s) you are in

Family name Wilschut 7208 IDE master(s) IPD [J Dfl SPD

Initials FA 2" hon-IDE master

Individual programme

Given name Fabian
(date of approval)

Student number 4671287 Medisign

HPM

SUPERVISORY TEAM

Fill in he required information of supervisory team members. If applicable, company mentor is added as 2" mentor

Chair Ruud Balkenende dept./section SDE - Circular Product Design
mentor Mascha Slingerland dept./section SDE - DE Technical Support
2"d mentor Walter Legerstee
client: OWLBAT
city: Delft country: Netherlands

optional
comments

APPROVAL OF CHAIR on PROJECT PROPOSAL / PROJECT BRIEF -> to be filled in by the Chair of the supervisory team

Sign for approval (Chair)

. Digitally signed by
Monlque Monique von Morgen

Date: 2024.07.02
von M 0 rge n 12:05:02 +02'00'

Name Monique von Morgen Date 2Jul 2024 Signature



CHECK ON STUDY PROGRESS

To be filled in by SSC E&SA (Shared Service Centre, Education & Student Affairs), after approval of the project brief by the chair.
The study progress will be checked for a 2" time just before the green light meeting.

Master electives no. of EC accumulated in total EC D YES all 15t year master courses passed

Of which, taking conditional requirements into
account, can be part of the exam programme EC NO missing 15t year courses

Comments:
Sign for approval (SSC E&SA)
y Rik Ledoux
KL 2024.06.24
15:06:10 +02'00"
Name Rik Ledoux Date 24Jun 2024 Signature

APPROVAL OF BOARD OF EXAMINERS IDE on SUPERVISORY TEAM -> to be checked and filled in by IDE’s Board of Examiners

Does the composition of the Supervisory Team Comments:
comply with regulations?

YES [] Supervisory Team approved

NO Supervisory Team not approved

Based on study progress, students is ... Comments:

- the chair signed in the wrong place (BoEx) that's why | sighed
U] ALLOWED to start the graduation project on the place of the chair.

NOT allowed to start the graduation project Monique von Morgen

Sign for approval (BoEx)

Digitally signed by
Ruud Balkenende - IO
Date: 2024.06.20

08:23:02 +02'00"

Name Ruud Balkenende Date 20Jun 2024 Signature



Personal Project Brief — IDE Master Graduation Project

Name student Fabian Wilschut Student number 4,671,287

PROJECT TITLE, INTRODUCTION, PROBLEM DEFINITION and ASSIGNMENT

Complete all fields, keep information clear, specific and concise

A . Modular battery system with swappable individual cells
Project title v sy PP

Please state the title of your graduation project (above). Keep the title compact and simple. Do not use abbreviations. The
remainder of this document allows you to define and clarify your graduation project.

Introduction

Describe the context of your project here; What is the domain in which your project takes place? Who are the main stakeholders
and what interests are at stake? Describe the opportunities (and limitations) in this domain to better serve the stakeholder
interests. (max 250 words)

As the world is shifting towards the use of electrical vehicles (EV's), energy storage within these EV's will increasingly be a
vital part of the energy transition. Current Lithium-ion batteries are a mix of cells glued and welded together in a pack,
making recycling a devious task. When the capacity of these batteries degrade, the whole pack usually gets tossed, even
when the majority of cells are still good for reuse. Salvaging and reusing individual cells therefore becomes a key puzzle
piece for a sustainable and efficient energy shift.

OWLBAT is a young start-up developing a circular battery system for EV's, starting with small vehicles such as bicycles. Their
mission is to reduce the loss of critical materials (such as cobalt and nickel). They are therefore developing new cell
technology and want to expand the life-time of their battery packs as well. Ideally, OWLBAT can replace each individual
component of their battery pack to increase the longevity of their product.

They conducted market research that showed that it would be hard to bring their product directly to the saturated
consumer market. This is partly due to the fact that consumers often get their first battery pack accompanied with the
product (such as a bike), thus having no need to buy another battery pack. For this reason, a business-to-business model
seems appropriate, directly delivering their system to battery-package-builders. This means that OWLBAT wants to develop
the inside of the battery packs, whilst companies themselves still define the outer body with the appropriate brand form
factors.

Furthermore, the pouch cells from OWLBAT operate like regular cells, except for the need of a couple small extra
components. Other components such as a Battery Management System are still included in the battery system. OWLBAT
wants to develop their batteries for a variety of different electrical vehicles. They therefore envision a system in which cells
with their new technology can be easily connected to each other in order to gain the required voltage and current outputs
for different applications.
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Personal Project Brief — IDE Master Graduation Project

Problem Definition

What problem do you want to solve in the context described in the introduction, and within the available time frame of 100
working days? (= Master Graduation Project of 30 EC). What opportunities do you see to create added value for the described
stakeholders? Substantiate your choice.

(max 200 words)

The main problem is that current battery packs consist of cells glued and welded together. This makes it impossible to
access individual cells and the whole battery pack is thrown away. This is an issue because it prevents recycling or reuse.
Reusing cells is a possibility because often the battery pack only malfunctions because of a couple bad cells, whilst the
others still work properly. When cells are thrown away before their end-of-life or when they are not recycled, critical
materials get lost.

In order to get the right voltage and current output, the cells must be connected in specific configurations. However, the
battery housing (body) is different for every brand and application. Creating a modular internal battery structure that fits
different form needs whilst still being able to easily access al components, composes an interesting design challenge. The
battery structure must also be held firmly in place in the body as to increase its longevity and to prevent safety risks such as
short circuits.

Assignment

This is the most important part of the project brief because it will give a clear direction of what you are heading for.
Formulate an assignment to yourself regarding what you expect to deliver as result at the end of your project. (1 sentence)

As you graduate as an industrial design engineer, your assignment will start with a verb (Design/Investigate/Validate/Create),
and you may use the green text format:

I will design and build functional prototypes that explore ways for a modular battery system that enables the possibility of
swapping individual battery cells during repair.

Then explain your project approach to carrying out your graduation project and what research and design methods you plan to
use to generate your design solution (max 150 words)

The project addresses the following research questions:

1. How can we develop an electronic connection for battery pouch cells that allows swapping of cells?
2. What will a reconfigurable battery structure look like for the application of OWLBAT?
3. How will the Battery Management System be integrated into the battery structure?

4. How will all design elements fit into a safe structural design?

A double diamond approach will be followed. During the discover phase, academic research will be performed on battery structures, cell joining and
Battery Management systems. The cell configuration will greatly influence the structural design. | will therefore create a function analysis in order to define

the appropriate cell configuration that matches the modularity of the battery pack that OWLBAT requires.

Then, during the developing phase, different cell joining techniques will be explored through lo-fi prototyping that fulfill the requirement to replace
cells. SCAMPER will be a suitable approach to find small adjustments to existing joining techniques. The right technique will be chosen trough either a
DATUM or Harris Profile. Then, everything will be combined into a structural design. | will deliver a proof-of-concept that shows the possibly for modularity
and swapping of cells. Recommendations will be made on how to implement the Battery Management system.



Project planning and key moments

To make visible how you plan to spend your time, you must make a planning for the full project. You are advised to use a Gantt
chart format to show the different phases of your project, deliverables you have in mind, meetings and in-between deadlines.
Keep in mind that all activities should fit within the given run time of 100 working days. Your planning should include a kick-off
meeting, mid-term evaluation meeting, green light meeting and graduation ceremony. Please indicate periods of part-time
activities and/or periods of not spending time on your graduation project, if any (for instance because of holidays or parallel
course activities).

Make sure to attach the full plan to this project brief.
The four key moment dates must be filled in below

In exceptional cases (part of) the Graduation
Kick off meeting 20 Mar 2024 Project may need to be scheduled part-time.
Indicate here if such applies to your project

Part of project scheduled part-time O

Mid-term evaluation 21 Jun 2024
For how many project weeks = 20

Number of project days per week | 2,5
Green light meeting
Comments:
Unfortunately a long recovery needed due to

a concussion.
Graduation ceremony

Motivation and personal ambitions

Explain why you wish to start this project, what competencies you want to prove or develop (e.g. competencies acquired in your
MSc programme, electives, extra-curricular activities or other).

Optionally, describe whether you have some personal learning ambitions which you explicitly want to address in this project, on
top of the learning objectives of the Graduation Project itself. You might think of e.g. acquiring in depth knowledge on a specific
subject, broadening your competencies or experimenting with a specific tool or methodology. Personal learning ambitions are
limited to a maximum number of five.

(200 words max)

The motivation behind participating in in this project comes from my interest in electronics and my ambition to contribute
to the energy transition. Through this project | aim to:

1. Become more confident around electronics in a safe manner, in specific around batteries.
2. Deepen my knowledge of design for disassembly and repair.

3. Actively consider the limitations of materials and production techniques.

4. Build an actual working prototype.

On a personal level, | mostly want to improve my project-management skills, including:

1. Keeping my motivation high by cleverly alternating activities that | dislike with ones that | do like.
2. Not being afraid to make difficult decisions, and properly substantiating these choices.

Lastly, | aim to improve the arrangement, preparation and execution of team meetings, reaching out to experts where
needed and ensuring that the project progresses smoothly and with a clear direction.
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Furthermore, the pouch cells from OWLBAT operate like regular cells, except for the need of a couple small extra components. Other components such as a Battery Management System are still included in the battery system. OWLBAT wants to develop their batteries for a variety of different electrical vehicles. They therefore envision a system in which cells with their new technology can be easily connected to each other in order to gain the required voltage and current outputs for different applications.
	Problem definition: The main problem is that current battery packs consist of cells glued and welded together. This makes it impossible to access individual cells and the whole battery pack is thrown away. This is an issue because it prevents recycling or reuse. Reusing cells is a possibility because often the battery pack only malfunctions because of a couple bad cells, whilst the others still work properly. When cells are thrown away before their end-of-life or when they are not recycled, critical materials get lost. 
In order to get the right voltage and current output, the cells must be connected in specific configurations. However, the battery housing (body) is different for every brand and application. Creating a modular internal battery structure that fits different form needs whilst still being able to easily access al components, composes an interesting design challenge. The battery structure must also be held firmly in place in the body as to increase its longevity and to prevent safety risks such as short circuits.
 
	Assignment: I will design and build functional prototypes that explore ways for a modular battery system that enables the possibility of swapping individual battery cells during repair.
	assignment vervolg: The project addresses the following research questions:
 
1. How can we develop an electronic connection for battery pouch cells that allows swapping of cells?
2. What will a reconfigurable battery structure look like for the application of OWLBAT?
3. How will the Battery Management System be integrated into the battery structure?
4. How will all design elements fit into a safe structural design?
 
A double diamond approach will be followed. During the discover phase, academic research will be performed on battery structures, cell joining and Battery Management systems. The cell configuration will greatly influence the structural design. I will therefore create a function analysis in order to define the appropriate cell configuration that matches the modularity of the battery pack that OWLBAT requires.  
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	motivation and personal ambitions: The motivation behind participating in in this project comes from my interest in electronics and my ambition to contribute to the energy transition. Through this project I aim to:
 
1. Become more confident around electronics in a safe manner, in specific around batteries.
2. Deepen my knowledge of design for disassembly and repair.
3. Actively consider the limitations of materials and production techniques.
4. Build an actual working prototype.
 
On a personal level, I mostly want to improve my project-management skills, including:
 
1. Keeping my motivation high by cleverly alternating activities that I dislike with ones that I do like.
2. Not being afraid to make difficult decisions, and properly substantiating these choices.
 
Lastly, I aim to improve the arrangement, preparation and execution of team meetings, reaching out to experts where needed and ensuring that the project progresses smoothly and with a clear direction. 
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