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IDE Master Graduation

Project team, Procedural checks and personal Project brief

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

The student defines the team, what he/she is going to do/deliver and how that will come about.
SSC E&SA (Shared Service Center, Education & Student Affairs) reports on the student’s registration and study progress.
IDE's Board of Examiners confirms if the student is allowed to start the Graduation Project.
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APPROVAL PROJECT BRIEF

To be filled in by the chair of the supervisory team.

chair Ruud van Heur date - - signature

CHECK STUDY PROGRESS

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

Master electives no. of EC accumulated in total: EC . all 1*tyear master courses passed

Of which, taking the conditional requirements
into account, can be part of the exam programme EC missing 15" year master courses are:

List of electives obtained before the third
semester without approval of the BoE

name date - - signature

FORMAL APPROVAL GRADUATION PROJECT

To be filled in by the Board of Examiners of IDE TU Delft. Please check the supervisory team and study the parts of the brief marked **.
Next, please assess, (dis)approve and sign this Project Brief, by using the criteria below.

e Does the project fit within the (MSc)-programme of M) APPROVED[) NOT APPROVED )

the student (taking into account, if described, the

activities done next to the obligatory MSc specific ) APPROVED r) NOT APPROVED )
courses)?

¢ |s the level of the project challenging enough for a
MSc IDE graduating student?

e |s the project expected to be doable within 100
working days/20 weeks ?

¢ Does the composition of the supervisory team
comply with the regulations and fit the assignment ?

comments
name date - - signature
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"Design driven risk mitigation of work related hand-arm vibrations" project title

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

start date 14 - 09 - 2020 12 - 02 - 2021 end date

INTRODUCTION **
Please describe, the context of your project, and address the main stakeholders (interests) within this context in a concise yet

complete manner. Who are involved, what do they value and how do they currently operate within the given context? What are the
main opportunities and limitations you are currently aware of (cultural- and social norms, resources (time, money....), technology, ...).

space available for images / figures on next page

In many professions that involve physical labor, much work is currently performed by hand using powered tools. Using
these powertools exposes the user to so-called hand-arm vibrations. In contruction work in The Netherlands roughly
24 percent of workers are regularly exposed to hand arm vibrations (see Figure 1). In addition to that, roughly 20
percent of workers consistently complain about this exposure. (Figure 2) (De bouwnijverheid - arbeid, gezondheid en
veiligheid. Bedrijfstakverslag, 2016, Arbouw)

Over time this exposure can lead to hand-arm vibration syndrome that includes white finger syndrome, loss of sensory
function in the fingers, and tremors, often leading to the worker having to change profession.
(advies-hand-armtrillingen, n.d., Volandis)

Stakeholders

The government labor inspection: Inspect and enforce workplace regulations. In terms of vibration exposure they
inspect companies based on the documentation of vibration exposure the companies are required to keep.
Construction companies: Employ construction workers, and decide on work method and equipment. When violating
regulations they risk fines. Workers that are injured during work can become costly due to paid sick leave and having
to replace the worker.

Individual construction workers: Want to do their work safely and comfortably, but are typically reluctant to change
their way of working. They are usually specialized in a number of activities and are therefor highly invested in
continuing to do their particular line of work. After suffering a debilitating injury, it can be challenging, and a waste of
skill, to find another profession for them.

Society in general: Workplace injuries take a tole on the general population through healthcare costs and disability
benefits. The prevalence of workplace injuries also makes it harder to encourage young people to chose a career in
construction, putting further strain on the available workforce.

Challenges:

-In my previous research | have found that construction workers are typically reluctant to change their way of working,
or to adopt additional protection gear. This is especially true when this protection gear poses an impediment to
moving freely.

The problem is not as imediate as most other injuries but can become more severe later in life.

-Many construction companies are not properly aware of the relevant regulations.

-Labor inspection often does not enforce regulations, in part because violations are typically hard to prove.

Opportunities:

-No real solution yet exists for this particular problem. Only on-off schedules to limit exposure to vibrations, which does
not actually protects the worker; only limits the impact.

-A growing trend of companies putting more emphasis on safety.

-Extensive regulations already exist, and companies struggle to comply, as they are not aware of the regulations and/or
no real solutions exist.
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PROBLEM DEFINITION **

Limit and define the scope and solution space of your project to one that is manageable within one Master Graduation Project of 30
EC (= 20 full time weeks or 100 working days) and clearly indicate what issue(s) should be addressed in this project.

ASSIGNMENT **

State in 2 or 3 sentences what you are going to research, design, create and / or generate, that will solve (part of) the issue(s) pointed
out in “problem definition”. Then illustrate this assignment by indicating what kind of solution you expect and / or aim to deliver, for
instance: a product, a product-service combination, a strategy illustrated through product or product-service combination ideas, ... . In
case of a Specialisation and/or Annotation, make sure the assignment reflects this/these.

Workers that perform physical labour are exposed to hand-arm vibrations by the powertools that they use. Solutions to
this problem that just involve monitoring, or aim to limit the exposure are not desirable. This is because the work
involving vibration emitting power tools is often hard to avoid, and needs to be done in an economically viable way.
Any proposed solution should there for not impede the productivity of the actual work activity, and that directly
addresses the problem of hand-arm vibrations in the workplace. This includes avoiding the outcome where the
product is merely used to increase the exposure time, rather than to decrease the actual exposure of the employee.
The core aim of this project will there for be to designed a product that significantly decreases hand-arm vibration
exposure to the user while operating a powertool.

Additional requirements: -Any to-be-found solution should be an economically viable solution to the customer,
meaning that the total costs of the product are outweighed by the benefits of implementation. For reference: An
employee on sick leave costs around 250 euros per day(ArboNed.nl, 2020). Based on this cost, the product would cost
no more than 1500,- euros, given an average sick leave of 6 days and a payback period of one year. -The product
should have the potential to be applicable to a wide variety of work activities, or otherwise adress a work activity that is
practiced by a large number of people. This is to avoid develloping a product that narrowly serves a relatively obscure
work activity, and there for having very little impact. For example: jackhammers and hammer drills (est. 10-20 m/sA2)
come in a wide variety and are used in many different (often small) activities. Tacking(using a nailgun)on the other
hand, is a widely used tool, but with very different shock characteristics than any other tool. Also, these categories of
tools are all held using a 'pistol-grip', which will be a very likely focuss point of the design process. The design will be
based on research into the situational context, the nature of the work activity, the anatomy of the hand/wrist, the
possible health implications, and the regulatory context. In addition to this a background research in literature and the
biomechanics will lay the foundation for a solution. The product should be developed through several iterations based
on phyical tests. If not possible to do these tests in the field, they will be done in a controlled environment.

medical (e.g. nerves) and b|omechan|cal parts of the problem

In my previous research | have come across several other proposed solutions, either by the labor inspection or by other
designers. I've noticed that none of these solutions really address the vibrations and usually involve monitoring
exposure or avoiding work activities. This in my opinion doesn't properly solve the problem as there is still an
economic incentive to do those types of work. | therefore want to look for an ergonomic solution that directly
addresses the problem without hindering productivity.

This is through a (wearable) physical piece of safety equipment that renders the user less vulnerable to, or mitigates,
the vibrations emitted by the powertool.

In addition | intend to write a roadmap towards turning this product into a viable business. This includes describing
how to devellop the product further, how to gain traction with potential investors and customers, and other
necessities such as certification and patenting.
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PLANNING AND APPROACH **
Include a Gantt Chart (replace the example below - more examples can be found in Manual 2) that shows the different phases of your
project, deliverables you have in mind, meetings, and how you plan to spend your time. Please note that all activities should fit within

the given net time of 30 EC = 20 full time weeks or 100 working days, and your planning should include a kick-off meeting, mid-term
meeting, green light meeting and graduation ceremony. lllustrate your Gantt Chart by, for instance, explaining your approach, and
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 activities.

startdate 14 -9 - 2020 12- 2 - 2021 end date

14-sep. 12-feb)
Calender week 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 1 2 3 4 5 4]
Project week 1 2 3 4 5 [ 7 8 9 10 11 12. 13 14 i 15 16 17 18 19 20

Preliminary litera research

Visit companies > make observations of work situation

Simulated

Finishing roadmap

Prepare final presentation
Additional meetings towards building network

deliverables:

-A graduation report describing the entire research, design and testing process.

This report will offer an introduction into the relevant supporting topics such as mechanics of vibrations, nerve
damage and labor inspection law. It will describe the design process, prototyping and testing, and any further
iterations.

-A prototype (TRL level 4):

A practical and functional validation of the product. This means that the prototype has been shown to work in a
controlled environment. Further design iterations towards aesthetics and manufacturing will be left outside the scope
of this project.

-A "Roadmap to Startup" describing what steps to take to elevate the developed prototype into a viable business.
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MOTIVATION AND PERSONAL AMBITIONS
Explain why you set up this project, what competences you want to prove and learn. For example: acquired competences from your
MSc programme, the elective semester, extra-curricular activities (etc.) and point out the competences you have yet developed.

Optionally, describe which personal learning ambitions you explicitly want to address in this project, on top of the learning objectives
of the Graduation Project, such as: in depth knowledge a on specific subject, broadening your competences or experimenting with a
specific tool and/or methodology, ... . Stick to no more than five ambitions.

This project originated in my Bachelor Final Project, where | designed a vibration damping brace. The most Important
thing I took from this project is a greater understanding of how | could add value to society as a designer. | learned
more about what kind of problems | would like to solve: those that people encounter in their daily work and have a
large impact on their quality of life.

After completing the Bachelor Final Project | competed in the TU Delft Ideation Contest where | learned more on how
to pitch my idea and communicate with stakeholders and potential business partners. My prototype won a prize
which greatly motivated me to continue with the concept.

Both in my bachelor and my master programs i have sought out to learn more about entrepreneurship. I did The
Technology-based Entrepreneurship Minor where | learned the basics, and in the Build Your Startup master elective |
went through a more advanced curriculum, which taught me a very hands on approach to setting up a startup. In
addition, | did an internship at Yes!Delft where | worked at a startup with a very pragmatic and impact-full technical
product. Here | gained more experience in engineering and iterative prototyping.

In this project | seek to combine these accumulated skills and design a product that will serve as the basis for a startup.
Keeping this end goal in mind I think will help paying close attention to how to serve all involved stakeholders and to
properly identify and solve a worthwhile problem.

In this project | would like to learn how to bundle different areas of expertise into a single project, where by consulting
multiple experts and combine their input into my design.

| would like to build my own expertise in an engineering topic such as vibrations and how to mitigate them. I will do
this by gaining insight in the topic by exploring the theoretical foundations, and through literature research. This is
then followed by prototyping and physical testing.

Also | would like to gain more experience in managing the interests of different stakeholders, by consolidating their
various input and interests into a single product.

FINAL COMMENTS

In case your project brief needs final comments, please add any information you think is relevant.
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Over time this exposure can lead to hand-arm vibration syndrome that includes white finger syndrome, loss of sensory function in the fingers, and tremors, often leading to the worker having to change profession. (advies-hand-armtrillingen, n.d. , Volandis) 

Stakeholders
The government labor inspection: Inspect and enforce workplace regulations. In terms of vibration exposure they inspect companies based on the documentation of vibration exposure the companies are required to keep. 
Construction companies: Employ construction workers, and decide on work method and equipment. When violating regulations they risk fines. Workers that are injured during work can become costly due to paid sick leave and having to replace the worker. 
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This is through a (wearable) physical piece of safety equipment that renders the user less vulnerable to, or mitigates, the vibrations emitted by the powertool.

In addition I intend to write a roadmap towards turning this product into a viable business. This includes describing how to devellop the product further, how to gain traction with potential investors and customers,  and other necessities such as certification and patenting.
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-A "Roadmap to Startup" describing what steps to take to elevate the developed prototype into a viable business. 
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