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ABSTRACT

This thesis deals with designing a product that increases glove
hygiene in hospitals and the healthcare sector. Poor hygiene al-
lows hospitals to become hotspots for dangerous diseases that
sometimes prove fatal, as happens to 75 000 people in Ameri-
ca yearly. The cleanliness of a persons’ hands is the first line of
defense and seeing how the process of putting on gloves right
now raises questions to the underlying hygiene involved and the
need for a radical change when it comes to the hygiene of hos-
pitals.

SAHD is an automated glove dispenser and glove dresser that
eliminates the current process of glove-dressing, removing the
user from interacting with the outside of the glove keeping the
hygiene & cleanliness of the users’ hands while also making the
whole process a lot faster than the current. SAHD has been de-
veloped during the Covid pandemic which has made visiting
hospitals for observation almost impossible negatively impacting
the development phase dragging it out in certain areas.

IMMUTECH

Immutech is a Meditech startup that delivers simple solutions for
complex problems in the healthcare industry. Immutech is crea-
ted to be a service-oriented glove supplier with special attenti-
on to hygiene.









»

Adobe, 2017. Hospital doctor in a meeting with colleague. [video] Available at: <http / sto .co-m/:ik/video/ hospital-doctor-in-a-me-
eting-with-colleague-putting-on-gloves-before-an-exam/177988841 >prev_url=detail> [Accessed 26 May 2021].
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It has long been known that the pre-
vention of sickness is the most effec-
tive way to keep people healthy.
While estimates vary between 60 000
to 100 000 Americans who make up
around 4% of the world population,
die each year due to hospital acqui-
red infections. scale this up to the
world and a conservative estimate
quickly surpasses a million deaths
annually.

Deaths that medical experts ag-
ree are mostly preventable with in-
creases to the best practice when it
comes to hygiene.




UNIQUE SELLING POINTS







USER INTERACTION

L L
l | ¢ | B
While idle SAHD lightsup in  Select a size of glove and On selection of size and
a blue light indicating it is amount of gloves to be amount, SAHD will turn yel-
ready to operate. dispensed. low indicating that it is ope-
rating.
L L L

The glove will be placed at  SAHD will then stretch open  When SAHD glows green the
the ready, at the entfrance  the glove for easy and glove is ready for dressing,
of SAHD. trouble-free dressing. simply slide in your hand

thumb side up, and keep in-
serting until the glove lets go.



Using SAHD the user will never have contact with the outside of

the usable areas of the glove.
Bringing better hygiene and increasing the margin for errors

among medical staff.

To open the glove storage give the compartment a light but firm push and the
compartment will present itself to you, ready for you to refill the compartment

with gloves.



SAHD HAS PLENTY OF VISIBILITY
TO MAKE YOU FEEL SAFE







GLOVE STORAGE

14






GLOVE PACKAGING
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CONSTRUCTION

STAINLESS STEEL

MAGNESIUM ALUMINIUM ALLOY




POLYCARBONATE

_POLYCARBONATE |
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SPECIFICATIONS

DIMENSIONS (D X W X H) 52,5X 40 X 36,5 [CM]
WEIGHT 10 [KG]
4.600,00 KR.

PRICE CONSTRUCTION*
$800,00
500,00 KR.

LEASE PRICE

$80,00
150,00 KR.

PRICE PER GLOVE BOX
$30,00
TIME PER GLOVE** ESTIMATE 10 [S]
TIME TO DRESS A PAIR*** ESTIMATE 25 [S]
30 (W]
POWER™*** 220 [V]
0,14 [A]

* Prices consider an exchange rate of 6 DKK to 1 USD with
some rounding.

**The time it takes for the grabber arm to move is not ready
yet so a time of 5 seconds is used

** Human interaction fime may vary, time from ** also apply
ek Electricity use is estimated as the vacuum pump and mo-
tors for moving the suction head has not been specified.
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SCALABILITY

Many industries besides the healthcare sector can get used out of SAHD
especially the food industry and laboratories where you have requirements for
contaminants.

Mainly the product will have a rollout in a single hospital where we can get
data of improvements to get a wide range of acceptance.

MILESTONES FUTURE




PRICING

10.000.000,00 kr.

9.000.000,00 kr.

8.000.000,00 kr. BREAKEVEN
7.000.000,00 kr. i
6.000.000,00 kr.

5.000.000,00 kr.

4.000.000,00 kr.

3.000.000,00 kr.

2.000.000,00 kr.

1.000.000,00 kr.

-1.000.000,00 kr.

-2.000.000,00 kr,

-3.000.000,00 kr.

-4.000.000,00 kr-

-5.000.000,00 kr.

-6.000.000,00 kr.

-7.000.000,00 kr-

Glove sales

running costs (gloves)

Leasing

net revenue operating profit investment

e Net income




We estimate being able to reach a breakeven before
14 months with 150 units being leased. Most of the income
comes from the sale of gloves not from the leasing of pro-
ducts. while it does come close at month 16 it does not
drop below the red line.

The gloves can only be bought in bulk sizes larger than the needs of a
month, around 3 months to be exact but we expect a regular shipping
schedule can be arranged flattening out the steps in the running costs of
glove sales.

LEASING
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ABSTRACT

This thesis deals with designing a product that increases glove hygiene in hospitals and the healthcare
sector.

Poor hygiene allows hospitals to become hotspots for dangerous diseases that sometimes prove fatal,
as happens to 75 000 people in America yearly. The cleanliness of a persons’ hands is the first line of
defense and seeing how the process of putting on gloves right now raises questions to the underlying
hygiene involved and the need for a radical change when it comes to the hygiene of hospitals.

SAHD is an automated glove dispenser and glove dresser that eliminates the current process of
glove-dressing, removing the user from interacting with the outside of the glove keeping the hygiene &
cleanliness of the users’ hands while also making the whole process a lot faster than the current.

SAHD has been developed during the Covid pandemic which has made visiting hospitals for observation
almost impossible negatively impacting the development phase dragging it out in certain areas.



ReADING GUIDE

This report describes the process of designing and developing MedTech product for the health-
care-sector in Denmark. This report has been made as a collection of the worksheets made th-
roughout the whole process, thus collected into chapters. Even so, the process report is al-
most chronological and is built upon almost as the whole project has progressed through the
past half year almost. Each chapter will end with a conclusion for the chapter and a sum-up.

DELIMINATION |

The business aspect is asumed to be business-to-business in dealing
either with monicipalties or health-care clinics.

DICTONARY

Glove dressing
This term is refered to
the process of taking

on gloves (hands).
¥
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PROJECT MANAGEMENT
METHOD

»
To have a guideline for manging the timeframe
efficiently throughout the semester, the team
predefined seven Milestones and their deadli-
nes. Both Jonas and Bashar have worked as pro-
ject managers in the different phases and shared
responsibility upon the different matters making
surethatnoonehad more than could be handled.

i

The day-to-day project management has been
structured through daily targets and partly th-

rough Scrum with done-criteria and expected
time needed to finish an assignment. These were
sorted in the categories to-do, doing, verify and
done. Everything was structured and put into
Monday.com - a very efficient online tool for
structuring and making it able for both parties to
see and change in the schedule easily. This was a
tool from earlier semesters that proofed to be
good at the beginning of the Covid-19 pandemicin
2020. Meetings were held as needed and usually
always one in the morning. As each member was
mostly home the most of the semester, lunchwas
taken whenever needed, so a walk outside or like.

MILESTONES: =

4
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Problem Identification

2 Market

ﬁ- ' Design Brief

|

Initial Concept

Manufacturing &
production

‘6 Business plan

\I
|

Execution plan
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INITIAL PROBLEM

\ After Bashar co-founded the family
butcher shop, Meat n’joy, the use of
disposable gloves became part of his
everyday life at work after university.
There he quickly found out that it was
not a pleasant process and especial-
ly not if the hands were damp as they
often were after washing them. At the
same time, they often teared apart,
and there was more coming out of the
package than one had to use. It led him
to the idea that he couldn’t possibly be
the only one with these problems, and
from there came the idea; an innovati-
ve product must be made that makes
it easy and simple to put on gloves.

Yo oA Y
HANDSON".\'f X/

Bashar and Jonas teamed up to work on this project and explo-
re and identify the problems within this subject to come up with
a creative and useful solution. We knew, that the project would
be difficult due to the fact, that it's a complex problem with a te-
chnology and mechanical challenge, so therefore also a very "hand
on” project, but we also knew, that it would be an exciting oppor-
tunity and seek our best bid for a solution At the same time, we
chose to scale the situation into a bigger context where gloves are
used more regularly and chose to focus on the healthcare sector.

Covip-19

We also knew, that our project would be made
doing the peak of the Covid-19 lockdown, and
that there the world therefore be limitations
in some of the work processes and potentially
access. But, we didn’t want that to hinder our
goal of this project.



As the problem of the usage of gloves is identified the problem will be unfolded at the
following chapter. This will be through user-tests and observations mostly, where this
research should give demands for the product that can be used in the concept develop-
ment. Some of the answers to be unfolded are among others:

- How long does it on average take to put on gloves?

- How big is the glove-business worldwide in the health-care sector?

- Where in the glove-dressing process do problems occur?

- How much of a difference in time is there in the glove-dressing process when
the hands damp?

- Do medical-students and doctors wish for an easier glove-dressing process?
- How many types of gloves are used in the health-care sector?

- What is the storyboard as of right now?

Methodology

Everything in the following chapter, including the answers of the questions above will be
done through internet research, interviews, experiments and observations. The purpose
for the team has been to explore the problem and also figure out medical students opini-
ons on the glove-dressing process.

Observations

To get in contact with medical students who use gloves regularly, the teams network has
been contacted and observation scenarios were conducted to determine the time and
troubles in the glove-dressing process.

Interviews

To get in contact with medical students who use gloves regularly, the teams network has
been contacted and interviews have been conducted to better understand their opinions
on the glove-dressing process.

User survey
By being granted access to big Facebook medical groups it has been possible to get a
user-survey answered by 166 relevant people to help us understand certain questions.

Internet research
To get a scope of the size of the glove market and the problem internet research was
conducted to find statistics and articles.



SURVEY

PURPOSE AND METHOD

An exploratory look for a pattern in answers given from healthcare professionals with the focus on their
use of gloves and their behavior with gloves. This is done to filter some of the simple questions form an
interview and look for points of interest to elaborate on later. The participants were found by contacting
social media groups of doctors and medical professionals and ask them to fill out the survey.

Interviews: while interviews give a deeper look into the problems available as you can make directed
questions where you look for specific answers, at this point to these questions it is not necessary as most
of these questions are quantitative in nature and the knowledge gained from the study would be used
in interviews to find out why they act as they claim and if the answers are true.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

What work do you do in the medical profession?

168 svar

@ As a Doctor
@ As a Nurse
As a Student
@ As a Researcher
@ Lab technician
@ Student in research lab

. 6. Answers in % of what kind of work the people anwering the survey do - mostly medical students.

Do you use Nitril or Latex gloves?

168 svar

@ Nitril
® Latex
Either
@® Both
@ Both, depending on, what's available
® Latex + nitril
® Don't know
@® both
@ Hvad der lige er, s& det kan vaere begge

1. 7. Answers in % of what kind of gloves (material) that are used the most - Nitrile is the most used

10



What size of gloves do you use

168 svar

® Xxs

40,5% ®s

oM

oL

@ XL

@ The bigger the merrier - easier to put...
®65

@ Forskel pa sterile og ikke-sterile hand...

28,6% 19,6%

172V

I1. 8. Answers in % of what glove size is most used - Large is most used glove-size

When do you use the gloves?

168 svar
At Work 152 (90,5 %)
At School 57 (33,9 %)
And clinical rotation|—1 (0,6 %)
Poder|—1(0,6 %)
At clinical internships during |_'ny 1(0,6 %)
studi...
At hospital (internship) |—1 (0,6 %)
Rengering i hjiemmet|—1 (0,6 %)
Praktik|—1 (0,6 %)
0 50 100 150 200
. 9. Answers in % of when gloves are used mostly - it is mostly at work

How much time do you spend on taking gloves on?
@ 0-10 seconds

@ 11-20 seconds
@ 21-30 seconds
@ 31-40 seconds
® 40+ seconds

II.10.  Answers in % of their assumption on how much time it takes them to put on a set of
gloves - 11-20 seconds is most assumpted

How are the gloves kept for storage?

167 svar
@ In their original packaging
@ In a seperate container
@ In a gloves dispenser
lI.11.  Answers in % of how the gloves are kept for storage right now - in their original storage

11




Do you feel for a product that eases the process of putting on gloves?

168 svar

ll.12.  Answers in % of how they feel about getting a new product - 50% says yes

amount of | average total time Need for a helping device
partICI_ Il Answers Those who an- Do you feel for a product that eases the process of putting on
pants swered 0-10 gloves? (Students)
41 5s 205s o 22% Jape
19 155 285s No 58% 53
4 255 100's Maybe 20%
Both 92s
Answers Those who an-
9 5s 45 s swered 11-20 s
0
8 155 120s s Gl Do you feel for a product that eases the process of putting on
4 25 100's No 10% gloves? (Doctors) .
1 40s 40s Maybe 18%
Latex 1395 Ho
Answers Those who
answered 20+
26 5s 130s i s g
50 15s 750 Yes 75%
7 25s 175s No 13%
Nitrile 12,7 s Maybe 13%

ll.13.  Summary of the Survey

ANALYSIS/INTERPRETATION

The average time the medical staff uses to put on as reported by what they themselves thinkis 11.5 se-
conds. The latex only people reported an average of 12 seconds, while nitrile only reported 12.7 seconds
on average to put on a pair of gloves. Whereas the rest of participants reported on average 9.4 seconds
to put on a pair of gloves. There appears to be something odd about the users reported time to put on
gloves.

If a dispenser system is implemented with a canister system ~70% of participants would have to change
how they deal with running out of gloves. Those who reported themselves as doctors were more likely
to contact support staff or get a nurse to find more gloves than average. Nurses were the most likely to
contact support staff to get more gloves. Students were more likely to get the gloves themselves.

12



Glove size reported range from XS to XXL size gloves where a majority uses Large and medium size glo-
ves with a few edge cases using XXL and XS.

51% reported using only nitrile gloves. Whereas 12% reported using only latex gloves, 95% of partici-
pants reported having their gloves kept in the original packaging. Doctors were more inclined to find a
need for a device to assist with putting on gloves than students.

Doctors were also more secure in their answer to the question than students as a significantly smaller
portion answered “maybe.” People who believe they spend more time putting on gloves tend to want
an assisting device drastically more than people who do not think it takes up a lot of time. Find out how
long is too long to put on a pair of gloves

REFLECTION

Self-reported data has the possibility to be either false or inaccurate which is why the glove donning
time is to be elaborated on through physical testing and the method of putting on the gloves needs to
be tested to see if technique changes could serve as a substitute for equipment intervention. To keep
uninvolved persons away from the public survey the survey was only posted in medical groups and we
could therefore eliminate some unwanted participants,

CONCLUSION

The survey helped find points of interest that needs to be answered further as such 3 key ques-
tions have been identified for deeper exploration and elaboration.

- Nitrile Gloves are the most used type of gloves in the medical field

- Large is most used size glove with Medium as the seconds most used
- 11-20 seconds is the time most believe it takes them to put on gloves.
- Gloves today are mostly kept in their original packaging.
- 50% of the survey-answers seek for a product that eases the current glove-dressing process.

NEXT STEP

GLOVE ANALYSIS/MARKET

QUESTIONS FOR KEY-PERSONS IN THE FUTURE

IS THE ORIGINAL PACKAGING HYGIENIC ENOUGH TO USE AS A STORAGE PLACE FOR GLOVES?

WHy DO 70% OF THE PARTICIPANTS REPORT GETTING GLOVES THEMSELVES? ARE THERE NO SUPPORT STAFF
TO HELP THEM? IS IT EASIER TO JUST GET IT THEMSELVES, NOT HAVING TO WORRY ABOUT THE RIGHT SIZE AND
FIT, OR SOMETHING ELSE ENTIRELY?

DoEs IT TAKE ~11.5 SECOND TO PUT ON GLOVES? DOES IT TAKE LONGER OR LOWER THE AVERAGE AMOUNT
OF TIME? |S THERE A DIFFERENCE IN TIME BETWEEN LATEX AND NITRILE GLOVES?

13



Statistics & growth

The disposable gloves market was $5.98 billion in
2019, $11.68 billion in 2020 and predicted to reach

$11.52 billion

in 2027 as the market stabilises.

Nitrile gloves are expec-
ted to grow at a rate of

14.1% 290 billion

annually as a substitute gloves were used in 2019
tO [a tex gI_O\/eS d ue tO ri— Disposable Medical Gloves Market Size, Growth | Global Report [2027], 2021
sing allergies

The healthcare sector accounts for

69.4%

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Nr. 1 barrier for infections and
spread of diseases

Stoessel and smith, 2021



. 14. (Bacteria, 2021)

LS| stated that there is a significant risk for persons who gets a Hospital acquired infection and to look
into how significant that risk is and how widespread the problem is, as saving lives are much more impor-
tant than saving some time. This is going to be done by looking through articles that deal with the issue.

648 000 people in America gets a hospital acquired infection every year of those 75 000 people die
(Hospital Acquired Infections Are a Serious Risk - Consumer Reports, 2015) which is a mortality rate of
11.5 %. Each year 130 million people visit the hospital in the united states (FastStats, 2021) meaning
that 1in 200 hospital visit carries an 11.5 % chance of death.

“Hospitals can be hot spots for infections and can sometimes amplify spread,” say Tom Frieden, M.D.,
director of the CDC. “Patients with serious infections are near sick and vulnerable patients—all cared
for by the same health care workers sometimes using shared equipment.” (Hospital Acquired Infections
Are a Serious Risk - Consumer Reports, 2015)

"C. Diff and MRSA can live on surfaces for days and can be passed from person to person on hospital
equipment or the hands of health care workers.” (Hospital Acquired Infections Are a Serious Risk
- Consumer Reports, 2015)

“Infection control is all about the basics, starting with hand hygiene.,” (Hospital Acquired Infections Are
a Serious Risk - Consumer Reports, 2015)

The information was readily available but the extend of the problem was made very clear and showed
that the focus of time and convenience was slightly misplaced.

CONCLUSION

Hospitals acquired infections kill 1 in 9 people who contract them and 1 in 200 hospital visits ends up
a person getting infected. Where experts suggest increasing hand hygiene to combat the spread of

disease. It has shown that this product is not a nice-to-have product but a need-to-have product.

NEXT STEP

IDENTIFY CROSS CONTAMINATION POINTS

15



MEDICAL-STUDENTS TEST OF GLOVES:

Hussein Al-Alawi, medical-student 9th Semester
ROUND 1 WITHOUT DISINFECTION:

Observations:

-29 Seconds from starting of taking gloves on to finish having them on

- Troubles with the gloves being wrinkled together, have to fold/open them up
- The start-point of the glove being wrinkled inside of the glove when taking them on

1. 15. Pictures from observation of Hussein - Round 1

ROUND 2 WITHOUT DISINFECTION:

Observations:

- 27 Seconds from starting of taking gloves on to finish having them on

- Troubles with the gloves being wrinkled together, have to fold/open them up

- The start-point of the glove being wrinkled inside of the glove when taking them on
- Taking another glove out of the package with the previous glove

. 16. Pictures from observation of Hussein - Round 2

16




Hussein Al-Alawi, medical-student 9th Semester

ROUND 3 WITH DISINFECTION (damp):

Observations:

- 35 Seconds taking on gloves

- Troubles with the gloves being wrinkled together, have to fold/open them up

- The start-point of the glove being wrinkled inside of the glove when taking them on
- Clearly to see more force used to pull the gloves on, creating larger vacuum

1. 17. Pictures from observation of Hussein - Round 3

ROUND 4 WITH DISINFECTION:

Observations:

- 37 Seconds taking on gloves

- Troubles with the gloves being wrinkled together, have to fold/open them up

- The start-point of the glove being wrinkled inside of the glove when taking them on
- Taking another glove out of the package with the previous glove

- The vacuum happens, and he has to pull the top of the glove to create air-room again.

|
W
1

s =

1. 18. Pictures from observation of Hussein - Round 4
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Mette Hurup, medical-student 9th Semester

ROUND 1 WITHOUT DISINFECTION:

Observations:

- 39 Seconds taking on gloves

- The start-point of the glove being wrinkled inside of the glove when taking them on
- 2 gloves wrinkled together.

el

e § nw -

1

IIl. 19. Pictures from observation of Mette - Round 1

ROUND 2 WITHOUT DISINFECTION:

Observations:

- 34 Seconds putting on gloves

- The start-point of the glove being wrinkled inside of the glove when taking them on
- Taking another glove out of the package with the previous glove

- Vacuum being created

1. 20. Pictures from observation of Mette - Round 2
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Mette Hurup, medical-student 9th Semester

ROUND 3 WITH DISINFECTION (damp) :

Observations:

- 32 Seconds putting gloves on

- Vacuum being created

- More strength being used to pull down the gloves

el

e § nw -

1

1. 21. Pictures from observation of Mette - Round 3

ROUND 4 WITH DISINFECTION (damp):

Observations:

- 29 Seconds taking gloves on

- The start-point of the glove being wrinkled inside of the glove when taking them on
- Vacuum

1. 22. Pictures from observation of Mette - Round 4
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Emil Still Vium, medical-student 8th Semester
ROUND 1 WITHOUT DISINFECTION:

Observations:

- 19 Seconds putting gloves on
- Vacuum at top fingers

- Stuck together

. 23. Pictures from observation of Emil - Round 1

ROUND 2 WITHOUT DISINFECTION:

Observations:

- 27 Seconds putting on gloves

- The start-point of the glove beeing wrinkled inside of the glove when taking them on
- Taking another glove out of the package with the previous glove

- Vacuum

93.4-19pMod 31N

. 24. Pictures from observation of Emil - Round 2
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Emil Still Vium, medical-student 8th Semester

ROUND 3 WITH DISINFECTION:
33 Seconds from starting of taking gloves on to finish having them on

Observations:
- The start-point of the glove being wrinkled inside of the glove when taking them on
- Vacuum

. 25. Pictures from observation of Emil - Round 3

ROUND 4 WITH DISINFECTION:
36 Seconds from starting of taking gloves on to finished having them on

Observations:

- The start-point of the glove beeing wrinkled inside of the glove when taking them on
- Taking another glove out of the package with the previous glove

- Vacuum

. 26. Pictures from observation of Emil - Round 4

21




Patrick Schmidt, medical-student 8th Semester

ROUND 1WITHOUT DISINFECTION:
23 Seconds from starting of taking gloves on to finish having them on

Observations:

- The start-point of the glove being wrinkled inside of the glove when taking them on
- 2 gloves wrinkled together.

- Vacuum

. 27. Pictures from observation of Patrick - Round 1

ROUND 3 with DISINFECTION:
28 Seconds from starting of taking gloves on to finished having them on

Observations:

- The start-point of the glove beeing wrinkled inside of the glove when taking them on
- Taking another glove out of the package with the previous glove

- Vacuum

1. 28. Pictures from observation of Patrick - Round 3
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ANALYSIS/INTERPRETATION

It is recommended that the cuff of the glove is opened before dressing the hand to alleviate the issues
found with the thumb of the glove.

REFLECTION

The smaller size glove exaggerated every aspect of the dressing process, but also showed some false
positives, that was caused by the restrictions of the glove size which was then properly identified with
the right size of the glove.

CoNCLUSION

Focus should be placed on opening the cuff of the glove to ease the dressing process for a start and
results from testing those should be used as reasoning on how to continue

NEXT STEP

TEST GLOVE CUFF OPENING
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PURPOSE AND METHOD

Having found out that there is a significant problem with gloves and the use of gloves, the next step is
to find out where the problems arise when putting on gloves and to ask if medical users see a problem
with the current glove-dressing process.

This is done with size S and L gloves on a size L hand, the smaller glove size is there to exaggerate the
issues to make it easier to see where the glove bind to or snags the hand. The large glove is there to pre-
sent the regular case scenario for the use. The goal is to look for points of restriction and points where
the glove sticks to the skin. The tests are done with dry hands.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

II.29.  Small Glove has fitting problems, where lI.30.  Small Glove has fitting problems, where

the glove is stretched thin while putting on the the glove is stretched thin on the fingers while put-
glove. Marked in red ting on the glove

Il.31.  Small Glove have fitting problems viewed lI.32.  Small Glove have fitting problems on the
from the back of the hand. Marked in red fingers marked in red, and having restrictions being

properly dressed marked in green.
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lI.35.  Large glove showing further restrictions

ll.33.  Large glove showing restrictions when
with flat palm, (thumb joint straight)

putting on the glove (the thumb join slightly bend)

The glove is restricted around on the heel of the palm and the lower knuckle of the thumb. The pro-
blem is getting the glove cuff spread out and over the thumb joint as this is the area where the issues
arise.

— ]

lI.34.  Thumb ticked down to allow for the glove lll.36.  Thumb in neutral position that is assumed
passing over the knuckle when the cuff has passend the knuckle of the thumb

In order to put on a pair of gloves, the thumb has to be tucked down Ill. 34 where the thumb cannot
be placed into the glove properly without extending it creating an area or pressure and restriction Ill.
36.

Notes:

The glove is easily restricted even with small amounts of moisture, even stopping the process of put-
ting on gloves for a moment can make the glove sticky enough to stop the process of properly dres-
sing the glove.

The restriction with the fingers are not an issue with a glove that is the right size.
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Hussein Al-Alawi:

"It takes alot of time putting
on gloves and taking them off
- especially with damp hands”

Diite Liljenberg:

“l usually take oversized gloves on

so that it goes faster, or else i have

to spend too much time taking on
the right-sized gloves”

26

Mette Hurup:

”"One also has to consider that
when the same procedure is done
so many times; it often starts to

lack in quality (hygiene)”

__J

Patrick Schmidt;

"l would really love to have a
product that makes it faster
and safer to apply the gloves at
the hospital”

Emil Vium:

"There should 100% been a product
on the market that makes it fast
for us to wear gloves - as it is right
now it is time-consuming”



ANALYSIS/INTERPRETATION

it is recommended that the cuff of the glove is opened before dressing the hand to aleviate the issues
found with the thumb of the glove

REFLECTION

The smaller size glove exaggerated every aspect of the dressing process, but also showed some false
positives, that was caused by the restrictions of the glove size which was then properly identified with
the right size of the glove.

CONCLUSION

Focus should be placed on opening the cuff of the glove to ease the dressing process for a start and
results from testing those should be used as reasoning on how to continue

NEXT STEP

TEST GLOVE CUFF OPENING
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The purpose is to setup the different scenarios regarding dressing gloves in hospitals for the quarantine/
sterile areas and examination/general areas using a storyboard to understand the differences between
these areas. To better clarify which areas is being moved into and identify how the gloves differ.

In all cases the use of gloves is not a substitute for clean hands but a supplement to good hygiene and
prevention of disease spread. While the method of getting clean hands varies depending on the specific
requirements of the environment. Sterile areas require a thorough washing to remove dirt from the skin
and clean the hands.

Cleaning hands| Glove preparation Glove dressing®gFinish Line

Gloves are dressed properly

takes 30 seconds when hand

The right amount of gloves taken | are dry up to a minute with
out of the box damp/wet hands

Hands are washed includes a 30
second scrubbing with soap

[

LLL RN

General purpose r

Exam room Quarantine.

Extra gloves taken out of the box Gloves rip during dressing

Wasted gloves requires extra gloves and extra
a large contributer to wasted dressing time
gloves

.I.al.l.al.

Il.37.  Examination/general use of gloves storyboard (currently process)

The examination/general use gloves are marked in green on Ill. 37 here shows the way to put to follow-
ing much the same manner as with the quarantine application only differing with the cleaning of hands
method, which follows a gentler hand cleaning method than hand sanitizer which can be quite rough.
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Cleaning hands |Glove preparationGlove dressing™a Finish Line

Sterile barrier breached or
gloves break when putting
on gloves start over

4
Packet of a pair of sterile

gloves are unpacked
N N
Sterile room /
Exem room Quarantine i 2 3/

:
:

Hands are washed includes
a 30 second scrubbing with
soap.
needs drying

Spécial dressing technique

is used up to 1 minute with

wet hands, with dry 30 se-
conds

1l.38.  Sterile/operation storyboard of gloves (currently process)

Sterile gloves come in sealed packets containing a pair of sterile gloves these gloves must be handled cor-
rectly to not be contaminated by the hands of the wearer. If they are, the user has to start over with a new
packet of gloves. The same if a glove breaks.

In the Quarantined areas the gloves are not sterile and there isn’t time or a great need for sterile gloves as
throughput and not keeping people potentially afflicted with covid-19 stay in contained areas with people
who are potentially not afflicted. When working with non-sterile gloves, they should be replaced if broken
and with every new patient.

Though it should be noted that it is possible to take more than the needed number of gloves from the
glove storage in which case that/those gloves are discarded.
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Cleaning hands| Glove preparation|Glove dressing Finish Line

The right amount of gloves ta- |  Gloves are dressed properly
takes 30 seconds when hand
are dry up to a minute with
damp/wet hands

ken out of the box

Hands are rubbed with disinfe-
Covid-19 test center ctant for 30 seconds /
Exem room. Quarantin e " \'-,»‘
I —| o /% \
- s P [ g0

Extra gloves taken out of the box Gloves rip during dressing
Wasted gloves requires extra gloves and extra
a large contributer to wasted dressing fime
gloves

I.39.  Covid-19/pandemic storyboard of gloves (currently process)

Where as Covid-19 quarantined areas requires hand sanitizer applied on the hands and relies more on the
gloves to be a barrier to stop contagion.

In the Quarantined areas the gloves are not sterile and there isn’t time or a great need for sterile gloves as
throughput and not keeping people potentially afflicted with covid-19 stay in contained areas with people
who are potentially not afflicted. When working with non-sterile gloves, they should be replaced if broken
and with every new patient. Though it should be noted that it is possible to take more than the needed
number of gloves from the glove storage in which case that/those gloves are discarded.

REFLECTION

While the perspective is from a rough look it did give help differentiate the markets and allign them to
be easier to select the needed area.

CONCLUSION

While taking this macro view of the three different areas of application, the only real difference bet-
ween the three comes from the special method to apply sterile gloves and the risk of contaminating

them when putting them on, which is a clear red flag that something can be done in this area and the-
re is potential for great individual change. The non-sterile area has potential for great general change
which is also an important area.

NEXT STEP

MOVE ON TO MAKE A CHOICE BETWEEN STERILE AND NON-STERILE GLOVES.
MARKET ANALYSIS
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MARKET ANALYIS
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LS| ExTERNAL CONSULTANT

lI.40.  (Bo Christensen, n.d.) lI.41.  (Trine Sgby Christensen,

0 LIFE SCIENCE INNOVATION
i n.d. . WNORTH DENMARK
Bo Christensen Trine Sgby
Direktar/CEO ChrIStensen

I1I. 42. (LSI Logo, n.d.)

TIf.: 2546 63 25
E-mail: boc@lsi-nd.dk

Chefkonsulent
TIf: 28838312
E-mail: tsc@lsi-nd.dk

At the beginning of the process, we quickly found out, that we needed help opening doors for a future
business. From a friend this company, Life Science Innovation (LSI), was recommended.

LSl was given a briefing of our Thesis topic and the direction we saw it going in. Where in the process
we are, when it comes to designing a Medi-Tech product, we also inquired about the extent LSI could
be interested in assisting in the thesis project with that an attachment of our synopsis.

Getting the help of LSI would help in increasing the credibility of our product and assist in the devel-
opment phases.

Here we hoped for:

- Access to hospitals/health clinics for context understanding, interviews & user testing through key
people, including doctors, nurses

- Direct sparring & feedback from stakeholders and potential purchasers

LSl arranged a meeting with us with CEO Bo Christensen and Chief Consultant Trine Christensen and it
was agreed that they would help us as much as possible, and that they saw potential in our project.
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DESIGNBRIEF

Design brief:

The task is to develop a hygiene station with focus on an automated glove-dressing technology
to apply non-powdered gloves easily to the hand.

This product is for the contract market in the healthcare sector, and as such should have a
professional and modern design, with material choices which have hygiene and cleanliness as a
top priority, with a robust and lasting design simultaneously.

The product will focus on being applied in Covid-19 test-centers in Denmark as a worst-case
scenario, as these are using large volumes of gloves every day with a great focus on hygiene
and time management. The product should prioritize multiple architectures to fit a wider range of
specializations and scenarios.

The project should aim at a deep analyzation of the use of gloves in the healthcare sector
through interviews, tests and observations, with focus on the hygiene and bacteria levels as the
current applying method is done, and in terms of the struggles within the applying process.

Result:

Result: The idea will be a solution for a more effective glove-
What shall the idea, the solution dressing process in terms of hygiene and ease of use.
do for the company?

Target group: Contract market

B2B — major potential B2B customers include hospitals and
medical supply companies, minor customers include health
clinic, dentists, and health specialists. End user groups for
this product: medical staff, medical specialists, medical
technicians, medical professionals

End users typically apply gloves to wet or moist hands as a
result of disinfection fluid, which causes difficulty in applying
them.

Focus: Focus on sustainability through applying un 17 sustainability
goals:

3: Good health and well-being
- Increase of hygiene, maintenance of health, and
reduce spread of diseases.
12: Responsible consumption and production
- Considering product life circle: durability, sustainable
materials, design for disassembly, maintenance,
repair of used products etc. all with the perspective
of a good business case for the health-care sector
and a long-term good investment.

Materials: Plastic & metal

Price, segment, customers: - B2B products- which means this product will be
bought through municipalities or private health-care
clinics/suppliers.
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PROBLEM IDENTIFICATION
CONLUSION 4+ SUM UP

By mainly doing observations and researching there is
proofofaclearproblemidentificationinthe glove-dres-
sing process amongst medical students as it is the pre-
sent time. Mainly, it is the difficulty that appears in the
dressing process that seems to hinder the time-process
ofit.Itisexcitingtodo furtherobservationsonhow hygi-
enicthepresentprocessis,andifthiscanbestreamlined.

- On average it takes 34 seconds to put on a set
of nitrile gloves for medical students with damp
hands.

- There is a difference of 12 seconds on average in
dressing gloves with and without damp hands.

- The glove-business is a big and growing business
worldwide with the health-care sector appointing
for 69.4% of the market.

- Right now there is 3 kinds of glove-dressing pro-
cesses in the hospitals

- The problems occour in the beginning of the glove
dressing and at the end

- Medical students wish for an easier glove-dressing
process




The idea generation starts with different ideas and concepts. To have a clear vision and
take on the sketching, it was separated in two categories; the overall ideation, and then a
feature ideation. To narrow down between the ideas models was made which would be the
lead on how the concept would be, and from there more features would be sketched and
evaluated on. Some of the questions that was wanted to get addressed was:

- How should the storage of gloves be?

- How should one insert his/hers hand?

- Should it be made to one or two hands?

- Should it have disinfection in it as a feature?
- How should the mechanisms work?

- How does the glove expand?

Methodology

Firstly sketches were made - from there each one was discussed. We wouldn't waste time
by doing lots of "quick-models” to validate the ideas. Instead, they were put up with pros
and cons orally. From there it made sense that the overall shape of the concept wouldn’t
need to have constant models be made of, as the concept and future design of the overall
shape would be very dependent on the functions of the product. Therefore, at the begin-
ning, it only seemed important to make models of the promising feature-sketches as these
needed validation through quick prototypes.

This was done with lo-fi prototypes/mock-ups, that are quickly made and could quickly
give an answer. The results from these tests were gathered and put into new sketches and
ideas. Concepts were presented for users, to get feedback about what they liked, and what
their preferences were.
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SKETCHING ROUND: IDEATION AND

FEATURES

The purpose was to get started with sketching and initiating the process of ideas, mainly “warming up”
the hands and getting thoughts down to paper. While allowing old thoughts to be released and allow

for new ideas to take place.
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lll.46.  Place to insert both hands and
through a robotic arm the glove will be
taken and expanded through vacuum

SKETCHING ROUND: FEATURES

that

removing hooks
grab the inside of the glove and spread
the glove opening for ease of removal
without needing contact with the glove

Il.48. Glove
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I.49. A glove cartridge sy-
stem with indicators for remaining
gloves and ease of refill, that uses
a VHS style opening system al-
lowing for safe storage of gloves.
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Different type of setting
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II.50.  Alcohol disinfectant mist
sprayers on both the top and but-
tom for easy disinfection of hands
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lI.51. A pair of hooks are placed Ill.52. ideaistoinflatetheglovewithajet [ll.53.  UV-light that shows how un-
on the side of the product to allow for ofairtomakeiteasiertodressthegloveand clean your hands are and if you need
easy removal of gloves without making use the same jet of air to remove the glove to disinfecti before glove dressing
contact with the gloves for removal.
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ll.54. A shower of disinfectant to [ll.55. Disinfectant dispenser

make sure that no bacteria lives on the build into the product to disinfect
surface of your hands or lower forearm III. 56.

ANALYSIS/INTERPRETATION

The test was successful in the sense that the glove was expanded as hoped and expected.

It took 10 seconds. The test was successful in the sense that the glove was expanded as hoped and expe-
cted. It took 10 seconds. The test was successful in the sense that the glove was expanded as hoped and
expected. It took 10 seconds.

REFLECTION

We needed to get old thoughts down on paper to allow for new thought to form

CONCLUSION

Vacuum works to expand the glove

NEXT STEP

FINDING OUT WHICH SIZE THE “ROOM” SHOULD BE FOR A FITTING AND COMFORTABLE HAND
FIND OUT THE MECHANISME THAT SHOULD BE ABLE TO LOAD GLOVES INTO A POSITION
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GLoVE ExPANDING FUNCTION TEST

PURPOSE AND METHOD

The purpose has been to find out if the vacuum will expand the glove and how the setup generally
will be set to achieve the expansion of the glove. This will be done through a prototype that includes
cardboard, wires, batteries, tube, glue, half a bottle and a vacuum-motor.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

The purpose of this test was to see if the glove could expand when exposed to vacuum. The model
was made out of cardboard, half of a coca-cola bottle (1L), a small vacuum motor, glue, tube and wires.
By drilling a hole in the bottom of the bottle, one could glue the bottom to the tube, and by filling the
front with a glove, a successful vacuum happened.

lI.57.  All the different com- IIl.58. Vacuum motor, bat- Ill.59.  Placing the glove around
ponents for the  mock-up teries, cables and a tube glu- the front of the cut-up bottle
ed to the back of a bottle

II.60. Placing the electri- ll.61. Glove has expanded .62.  There was nearly
city together so the vacuum not enough room in the bott-
beings = will the glove expand? le for my hand to be there, so

that diffenetly has to be bigger.
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The purpose of this test was to see if the glove could expand when exposed to vacuum. The model
was made out of cardboard, half of a coca-cola bottle (1L), a small vacuum motor, glue, tube and wires.

By drilling a hole in the buttom of the bottle, one could glue the buttom to the tube, and by filling the
front with a glove, a succesfull vacuum happened.

l.63. | slipped the glove of Ill.64.  Glove is
the bottle to see if it would fit.

on

ANALYSIS/INTERPRETATION

The test was successful in the sense that the glove was expanded as hoped and expected.
It took 10 seconds. The test was successful in the sense that the glove was expanded as hoped and

expected. It took 10 seconds. The test was successful in the sense that the glove was expanded as
hoped and expected. It took 10 seconds.

REFLECTION

There was nearly not enough room in the bottle for my hand to be there, so that differently has to be
bigger. A bigger room also means more space and thereby needs a stronger vacuum. The glove was

inserted manually, we need to find out what kind of mechanism will be smart to load the glove auto-
matically.

CONCLUSION

Vacuum works to expand the glove

NEXT STEP

FINDING OUT WHICH SIZE THE “ROOM” SHOULD BE FOR A FITTING AND COMFORTABLE HAND
FIND OUT THE MECHANISME THAT SHOULD BE ABLE TO LOAD GLOVES INTO A POSITION
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OPENING SIZE AND TYPE

PURPOSE AND METHOD

The purpose of this mock-up user test has been to decide on wether the user feels a difference being
able to see the hand or not, and at the same time, how big of a hole that feels the best.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

By making 5 different holes in the cardboard; (See apendix x), and having one side clodes while the
other vissible, is was able to make a test on this subject.

lIl.65.  Holes from 1l.66. Mette chose the Il.67. The same did Hussein
open view and cloed view biggest one and visible

ANALYSIS/INTERPRETATION

The test was quick and had to confirm the assumption that we had regarding being able to see the
hand. The users confirmed that it was important for them to see their hands as this felt way "safer” than
sticking their hands into an unknown subject with no visibility. At the same time, the biggest hole felt
nicer as they didn’t have to worry about touching anything as with the other holes.

REFLECTION

It could have been nicer to test on more users, but it was an extremely busy week and it was felt that it

was a matter that didn’t need to go through many more medical users prioritizing other more impor-
tant matters.

CONCLUSION

Hole with diminsions xxx were chosen as minimum diameter and hand-vissibility was needed.

NEXT STEP

FINDING OUT HOW THE LOADING MECHANISME OF THE PRODUCT SHOULD BE
FINDING OUT HOW HYGINIC THE CURRENT METHOD OF APPLYING GLOVES IS
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. OADING TEST 1

PURPOSE AND METHOD

To try and create a mock-up that helps us get phyisical experience and proof of a loading-mechanisme
that could potentially be applied to the final product.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

By cutting cardboard pieces into different forms, and by cutting it into a linear rate spring, we were able
to create a loading mechanism. Here the gloves were placed within the two big cardboard plates, and
because of the constant spring being attached in the back, the plates were pushed against each other.
Because of this, it was able to take a glove out one at a time with the whole mock-up while standing.

M
I.68.  Grabbing a .69. T a - II.70.  Glove taken
glove out of a prea- king glove out out while remaining
sured pack of 20 pieces still  standing and

none other gone out.

ANALYSIS/INTERPRETATION

The test was successful in the form of having a loading mechanism working out of cardboard and glue
while standing.

REFLECTION

The whole system was fragile because it was made out of cardboard. Although it functioned pretty well
and also on all sides (horizontal and vertical). This made it a pretty flexible solution in regard to the final
product, as it could be implemented in all kinds of angles and ways.

CONCLUSION

This mock-up of a loading mechanisme can be used as a starting-point.

NEXT STEP

FINDING OUT HOW THE GLOVES SHOULD BE “TRAVELLING” INSIDE OF THE FINAL PRODUCT, SO THAT IT CAN BE
SEEN HOW THE LOADING MECHANISME SHOULD BE IMPLEMENTED
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Uv TesT 1

PURPOSE AND METHOD

The purpose of this test was to see how hygienic the current process of applying gloves on is. This was
done by applying UV-Paint on the users hands, to be able to track the paint left on the gloves OUTSIDE
after the process. This would give a clear indication of where and how much there is being touched.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

First off they would have UV lighted on their hands and the packaging before and after the process to
see the clear differences. They were also asked to go to wash their hands thoroughly after the test to see
if there would be any paint left, that could be the bacterias in reality.

l.71.  Clearly nothing in the I.72.  Nothing in the packa- l.73.  Hands are now full in
beginning ging eaither UV-paint, user is asked to put on
gloves

lll.74. Already clear that there Il.75.  Gloves were completly Il.76.  Very much especially by

?as beﬁnﬁrozs cont;minatic;n full of paint after being dressed on the thumbs and in between the
ronllt € han stotheresto fingers as it is here it is pushed
packaging down on the handsespecially by

the thumbs and in between the
fingers as it is here it is pushed
down on the hands g dressed on
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. 77. Paint is litteraly II.78.  This was the hands after lI.79.  Especially behind the nails
everywere being told to hospitalwash them -
the paint wasn't visible normally

ANALYSIS/INTERPRETATION

The test clearly showed that there was a huge cross-contamination first of all, from the hands to the
gloves that isn’t even used. Secondly, there is clear proof that whatever is on the hands will be spread
all of the gloves being dressed on. This illustrates the proof of why people die in Hospitals as regard to
cross-contamination of bacterias. Lastly, it also shows that even through professional cleaning of hands
one that isn't able to see "bacterias” can have a hard time knowing when the hands are in fact “clean.”

REFLECTION

There was nearly not enough room in the bottle for my hand to be there, so that differently has to be
bigger. A bigger room also means more space and thereby needs a stronger vacuum. The glove was
inserted manually, we need to find out what kind of mechanism will be smart to load the glove auto-
matically.

CoNCLUSION

Vacuum works to expand the glove

NEXT STEP

DEVELOPING AN OPENING MECHANISM THAT ASSURES THAT THE HANDS DON'T TOUCH THE OUTSIDE OF THE
GLOVES
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GLOVE TRAVEL

PURPOSE AND METHOD

Describe the motion the glove has to take to get stretched on the opening through visual illustrations
and descriptors of the prerequisits to achieve said state. this will start from the end state and work
itself towards the start state. the start state being known and the end state also being known

EMPIRICAL DATA AND SHORT DESCRIPTIONS

Il.80.  Start state of the proces, with the

gloves being stacked next to eachother Step 4:
in the same orientation with the cuff area Cuff stretch A
marked in red

Il.81.  End state with the glove being =

stretched, here demonstrating that the

glove will be stretched in both the vertical Y

Step 1:

Cr b e ail and horisontal direction, with the thumb

pointing upwards

End state

The end state lll. 81 requires the gloves to have the thumb pointing
upwards as this orientation is neutral for both the left and the right
hand. It also requires the glove to be mounted on all the points of

the stretching mechanism.

Mounting
The mounting on the mounting points lll. 82 requires the gloves cuff
to be open so as to have the mounting points inserted inside.

Step 3:
Mount the glove

Opening the cuff .
. . II.82.  The mounting step where the
the opening of the gloves cuff Ill. 83 since the gloves has a tenden-  gj5ves are mounted on the points.

cy of sticking to it self requires a force to separate the sides of the

gloves cuff.

Grabbing the glove

The glove should be grabbed around the cuff of the glove since it gi-
ves good control over the glove and makes the mounting easier. The
gloves could also be oriented with the thumbs pointing upwards to
alleviate the need for orienting later.

l.83. Theglove
opening step, here
the cuff of the glove is

opened to allow it to be Step 2:
rpountgd on the moun- open the cuff
ting points
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using force on both sides of the glove.

[ Gioves

A proposed way of doing the motion would be Ill. 84 although it requires som detailing in how it can
keep a constant set direction and how the glove is grabbed as well as how the glove cuff is opened.

Looking at Ill. 85 there is a described path to follow for the gloves to be opened using suction cups

Glove
Suction cup
—_—

-
Sucks onto the Grabs the glove
glove

_—
Second suction
cup is introduced

>
Suction cups
spreads open the
glove cuff

Top view
II.84. A proposal of the motion of the grabber arm from a Il.85. A proposal of the motion of the grabber arm from a
top view. top view.
REFLECTION

describing the path and requirements for the motion helped in figuring out what steps are required to
be performed for the wanted motion and the steps that needs to be taken.

CONCLUSION

there was discovered 4 steps that needs to be taken for the glove to be located stretched open while
placed on the wanted location

NEXT STEP

HAVE A MEETING WITH THE CO-SUPERVISOR
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GLoVE OPENER 1

PURPOSE AND METHOD

To create an opening mechanism model that can open a glove making sure that the user doesn’t
touch the outside of the glove in the dressing-process.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

Through researching different kinds of mechanism it was pretty clear for us in the beginning that a shut-
ter aperture mechanism could be a good potential for the future product. Therefore, it was first sketched
to see it more clearly working in 2D. From there, it was created in Solidworks and 3D-printed so that it
was possible to test it out in real life.

IIl.86.  Shutter amature mecha-
nisme opening a glove

A
L U I s l
. e

 li

%
\,/

IL87.  Mounted into cardboard I1.88.  Glove being placed on it I.89.  After opening it up, the
U glove stayed on
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ANALYSIS/INTERPRETATION

The test was succesfull in the sense that the glove was expanded as hoped and expected.
It took 10 seconds.

REFLECTION

It should have been considered to create the prototype in the size that was chosen from earlier tests,
so that it would resemble a real-life product more. Then it would have been possible to make a hole in
the middle of the print and thereby have a hand inserted aswell.

There was a lot of work in opening the mechanism - of course in reality it would be easer with a motor,
but it still made us think of if there was a more simple solution to this problem.

CONCLUSION

Shutter aparture mechanisme works in pracsise

NEXT STEP

MAKE A CONCEPT BASED ON THE PRESENT KNOWLEDGE AND SHOW IT FOR LS| AND THE REST OF SCHOOL-
GROUPS

SEE FOR OTHER POTENTIAL OPENING MECHANISMES
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FIRsT CONCEPT AND FEEDBACK

N

[ W~ &
— )

@ s 1 |

SAHD:
Sophisticated Automatic
hand-glove dispensor

GOALS

 EASIER &
70% FASTER

99% LESS

)
s

MASTERS THESIS MISSION:

To design a glove dressing machine that safely and hygienically stores single use dis-
posable medical gloves and helps the user to put them on, even when the hands
are wet without tearing the gloves apart while making the process significantly ea-
sier and faster for medical personal & nurses in hospitals and health-care clinics.
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PURPOSE AND METHOD

The purpose was to have a concept ready for milestone 1, and also to have a board with the product
and story ready to send to LSI for them to discuss the idea with nurses and potential future buyers.

ANALYSIS/INTERPRETATION

The first full concept had alot of functions. Besides having the function of dressing a glove unto the
hand, there was also a disinfection-spray were one was supposed to disinfect hands before taking the
glove on. Besides that, there was also a room to remove the glove being weared that then fell into a
trash-can only for the gloves. This was to reduce contamination.

The feedback from the other groups at the milestone was mainly aimed at the size of the product. It was
pointed that it was way to large for a hospital, and that it also seemed to be too expensive in the future
because of all the functions and the size of it. Therefore, Hospitals would mostly not buy it, because of
size and price.

There were also confusions about the fact that the idea was taking from a butcher-setting and why it
moved to a hospital-setting.

In regard to LSI, they couldn’t come up with a straight feedback. This is due to the fact, that their nurses
that were shown the board couldn’t understand what it was about.

From there, we responded to the new feedback we had been given by the different groups and told
them to hold by until next concept.

REFLECTION

The comments about the size made sense. For us, initially, we didn’t think that it was "too big”, as we
knew it was a new technology which is often not the size it is after 10 years being on the market. Also,
it was important for us to prioritize the different functions, as this would be the key tactic to reducing
the size of the product. It had to be cut down to the extreme so that it was only the necessaria that the
product consisted of. It also had to be more clear why we moved from the butchers to hospitals.

CONCLUSION
.Too big of a product

- Need to prioritze functions

NEXT STEP

WHICH FUNCTIONS ARE NECESSARY?
FIND MECHANICS NECESSARY FOR DEVELOPMENT OF PRODUCT
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VACUUM MECHANISME TEST 1

PURPOSE AND METHOD

To find out how to "grab” the glove from the loading mechanism and thereby take it and place it to the
"opening mechanisme.”This will be done by using a vacuum cleaner and modifying the head of it.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

I.90. By wusing rubber we lI.91.  Then it was discussed lI.92.  To modify the head
placed it around the vacuum wether the small vacuum mo- of the vacuum cleaner to make
head to make sure it didn't tor from earlier could do the job sure that it wouldn’t suck the
swallow the glove. Unfortant- or not - it couldn’t, so we mo- whole glove, tinfoil was added
ly, the glove wouldn't stick to it. ved back to the vacuum cleaner. with holes in it, and it worked!

ANALYSIS/INTERPRETATION

The tests showed it was possible to grab the glove by vacuum but that it definitely had to have the
"right” head to do it, and that the vacuum force alone wasn’t going to do it. At the same time, the small
vacuum motor didn’t do the work, but here we weren't sure that it is because of the lack of force, or
because of the small tube, or both.

REFLECTION

It would make sense to try and calculate the force of the vacuum that is needed to lift a glove and
hold it. In that way, it would be easier to get a manufacturer to provide with the needed for the future
product. At the same time, it is needed with a "head” that allows air to go through while also being
"closed” to such a degree, that the glove can't be swallowed through the vacuum.

CONCLUSION

Vacuum is a solid function to grab a glove
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VACUUM MECHANISME TEST 2

PURPOSE AND METHOD

To create a head based on "Vacuum mechanism test 1’ that fits a vacuum and allows air to go through
while also not allowing the glove to be swallowed by the vacuum.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

e |
l.93. A head was desig- l.94.  Grabbing the glove lI.95.  Glove grabbed
ned in Solidworks with the di- and hanging perfectly

mensions of the vacuum-tube.
The design was spiral with air
being allowed to go through.

ANALYSIS/INTERPRETATION

By making a 3D print of the head it was much easier to try and grab the glove and document it, as the
head was holding it self because of it's measures fitting to the vacuum-tube. It did bend a bit in the
middle when the glove was being sucked, but it was fixed with a bit of super-glue making it more fixed.

REFLECTION

The 3D-print was good but it had it’s weak spots, especially in the middle.

CONCLUSION

3D-printed head works to grab the glove together with the vacuum
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(GLOVE OPENER 2

PURPOSE AND METHOD

The purpose is to generate designs that are viable for stretching out a gloves opening to allow for ease
of access and not have struggles with the thumb during dressing. Thereby make a proof of concept to
test if the idea holds up to reality, this is done with 3d printing and then testing with general guidelines
from measures of man and women.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

ldea 1
The main principle of this idea is 2 semi-circles that
move apart stretching the cuff and opening of the

glove in a single direction while maintaining a set ity 2 1/
height of the glove, with added considerations for — J‘“j s o ’ /i
adaptability and potential directions for increased Ry il —

and decreased grip. | 4 —

Il.96.  Semicircle

ldea 2:

Uses the principle from the aparture design from
"Worksheet: Glove opener prototype”changedto P
work with a more circular form than the studs used
previously.

olded Kkt
APefone echan,g,

Idea 3:
Follows very closely with Idea 1 in principal and use.

Idea 4:

Uses a suction force to hold on to the outside of
the glove and stretches cuff a either end stretching
open the glove.

l.97.  Different mechanismes
All the ideas show the stretching to be done in both directions while it would be much easier and
cheaper to stretch from a single direction with a stationary platform, preferably since the thumb is the
problematic part as discovered in “"Worksheet: Where is the problem with gloves?
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111.98.  (Tilley, 1993) describing the hand of a man the measures importantis
hand width for the 99 percentile.

l.99.  CAD-model Il. 100. 3D-prints of different shaped "openers”

REFLECTION

The ideation this time around was very narrow and focused, but it did give a potential solution that in
theory could be a solution for the problem of dressing the glove properly. It was a biased beginning
from the start, as the solution had been slightly discussed beforehand and the ideation in turn turned
out to be no more than a thinking session for the possible development of the glove holder/spreader

CoNCLUSION

The ideas are mainly the same, with a circular/oval shape that split apart and spreads the width of the
glove while maintaining a set height. This idea needs to be tested and see if it is a viable solution.

NEXT STEP

CREATE A PROOF OF CONCEPT TO TEST OUT THE IDEA.
FIND OUT HOW TO GRAB A GLOVE AND MOUNT IT.
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(GLOVE OPENER TEST + Uv

PURPOSE AND METHOD

The purpose of this test was to see how hygienic the current process of applying gloves on is. This was
done by applying UV-Paint on the users hands, to be able to track the paint left on the outside of the

gloves after the process. This time it would be by an opening mechanism and compare to the earlier
UV-test.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

By following the process as last, they would this time apply UV-paint on their hands but without
putting on gloves themselves. Instead, we would open the selected 3D-printed glove-opener and ask
them to insert their hands. In this way, it would be possible for us to observe how much less/more
paint there would be on the gloves afterwards.

A

l.101. We opened Ill. 102.  Users hand being covered Ill. 103. After glove being dressed
the glove to have in UV-paint. on user, there were no signs of
their hands inser- paint on the palm-side of the
ted. hand.

lIl.104. There no sign of paintin Il. 105. Of course no cross con-
the back of the hand but at tamination to the package of
the wrist there were paint. the gloves

54



lll. 106. We opened th Ill. 107. Users hand being II. 108. There no sign of paint

glove to have their covered in UV-paint. in the back or front of the
hands inserted. hand, only a tiny bit at the
wrist.

ANALYSIS/INTERPRETATION

The test clearly showed that there was no cross-contamination first of all, from the hands to the gloves
in the package. There is almost no paint on the users gloves after being dressed by the glove-opener. A
clear difference in contamination can be seen here compared to earlier test. The only place that is being
left with a tiny amount of paint is at the wrist of the users. This is due to the fact, that they have a ten-
dency to pull up the gloves when they wear them.

REFLECTION

The paint that is left on the wrist of the users doesn't in reality seem to have the big effect. As it is the
front part of the hands that is mostly in touch with the patients and other gear at the hospital, it is
that area that has the great importance of being clean. And by having these tests it is clear that the-
se parts are untouched by the paint, and therefore, a big success in reducing cross-contamination. At
the same time, it seems to be because of a habit amongst the users, that they pull the gloves from
the wrist. In reality, this is a habit that could be changed through a good fitting first time through the
future product, and thereby avoiding bacteria contamination everywhere, also the wrist potentially.

CoNCLUSION

There is a clear proof that having an opening mechanism will reduce bacteria contamination severely.

NEXT STEP

FINDING OUT HOW TO IMPLEMENT THE OPENING MECHANISM INTO THE CONCEPT AND DIFFERENT TYPES OF
MECHANICS THAT CAN WORK WITH A MOTOR
FIND OUT WHICH TYPE OF OPENING MECHANISM TO BE IMPLEMENTED.
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CARRIAGE DRIVER

PURPOSE AND METHOD

We need to find a way to move a carriage linearly to open up the glove entrance, as such different me-
chanisms will be looked at, the mechanisms will have to be driven by an electric motor.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

Rack and pinion

It is a basic rotational to the linear converter rotating the pinion
gear creates linear movement on the rack. When the gear is sup-
plied with rotational energy, it will start to move and when the
rotational energy is stopped it will follows the will of any forces
that are applied to it, meaning that it does not lock into place.
Meaning that any carriage using this mechanism would fall down g
when the supply of energy stops. (Rack and pinion, n.d.)

lI.109. (Rack and pinion, 2015) showing a rack
and pinion system with the pinion riding on the

Worm drive
rack

Is a basic rotational to rotational gearing that changes the di-
rection of the rotational energy to another rotational axis, the
largest advantage, a worm drive has been the self-locking proper-
ties, where the gear cannot rotate if it is not driven by the screw?
This mechanism has high friction between the screw and the gear.
you lock the gear then it turns into a rotational motion to linear
motion mechanism. (Worm drive, n.d.)

l.110. (Worm drive, 2006) a worm drive with
a worm attached to a handle, and a worm gear
being driven by the rotation of the worm

Lead screw

Lead screws are used to turn rotational motion into linear motion,
this mechanism also has the advantage of self-locking properties so
a carriage carried by what would in this case be the female connec-
ting member. Though the biggest disadvantage to this system is the
large amount of friction between the male and female connecters.
(Leadscrew, n.d.)

. 111. (Lead screw, 2015) a lead screw show-
ing the male and female connectors.
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ANALYSIS/INTERPRETATION

The self locking aspects of the lead screw and the worm drive are very important for ensuring that
the carriage doesn't slip and cause injury to the user or cause damage to the machine, as the stability
given by the locking mechanism ensures saef usage.

since the rack and pinion mechanism does not have a self locking properties it is therefore not a viable
solution for the product.

then the choice is between the lead screw and the worm drive, where the largest difference is that the
lead screws female connecter is stable in three dimensions where there is a single direction of travel
but it does require the female connector to not rotate along with the male connector.

I.112. Lead gear demonstrated in cad where the lead gear controls the glove stretcher in both closed and open position

REFLECTION

this WS works as a compilation of inforamtion and reasoning behind choice of mekanism

CONCLUSION

The mechanism operating the carriage linearly should have a locking mechanism the lead screw is a
good mechanism to do this with while it may have high friction so does the worm drive.

NEXT STEP

DECIDING THE TYPE OF OPENING MECHANISME THE LEAD SCREW SHOULD BE IMPLEMENTED ON
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(GLOVE OPENER 3

PURPOSE AND METHOD

To create an opening mechanism allowing more flexibility in the opening of different sized gloves. This
is due to the fact, that the "glove opener 2” was fixed in dimensions and thereby in opening gloves.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

Ill.113. 3D-model closed. Ill. 114.  3D-model opened. ll. 115. 3D-model closed from behind.
Made of the same function and the shut- The glove will be spread in a rectangular
ter aparture, but with 4 arms instead. form making it easy for insertion of hand.

I.116. Glove being spread by lI.117. Original inspiration
the arms of the new 3D-model of of the new glove opener with
the glove-opener. Shape of the the shutter aparture mechanis-
opening to the right compared to me. Compared to the new mode,
the original opening to the right. this one opened the glove in a

circular form as seen to the right.
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ANALYSIS/INTERPRETATION

By modifying the first model "Glove opener 1” with the shutter aperture mechanism, a new version has
been made to create a more flexible opening of gloves. The main difference in this one is the fact that it
isn't opened in a circular way, but in a rectangular way as it is seen in "Glove opener 2’ as this is the way
the hand is shaped in the entrance of the glove-dressing process.

Also, it would be easy to attach a motor to the new model in the future, as it would only need a small-sca-
le motor to make the glove opener rotate.

REFLECTION

There are concerns wether the arms will be able to withstand the force of opening a glove after some
cycles. Also, it has to be considered in what material that would fit the best to the arms. In general,

it cam seem as a bit of a "weak” model in some points. An FEM analysis of the arms would be a good
future choice to investigate if the arms can take the preassure.

CoONCLUSION

Vacuum works to expand the glove

NEXT STEP

FINDING OUT WHICH SIZE THE “ROOM” SHOULD BE FOR A FITTING AND COMFORTABLE HAND
FIND OUT THE MECHANISME THAT SHOULD BE ABLE TO LOAD GLOVES INTO A POSITION
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NEw CONCEPT AND FEEDBACK

PURPOSE AND METHOD

To incorporate all the new knowlege and prototypes of the functions to a new concept.

I.118. New concept
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Top Shell
- Plast Injection moulding

[ Glove grabber

Glove opener
Glove storage

lI.119. Exploded view of new concept

ANALYSIS/INTERPRETATION

The new concept was considerable smaller than the previous model. This was possible to do due to
the fact, a bigger insight and modelling of the different functions was made. As these were beginning
to be cleared out one step at a time, it was also possible to put it together and see the bigger picture.
As previous said this project wouldn't be idea-generating as previous projects, but start out more in
the concept development part as it is hands-on.

The product would at this present time consist of a glove storage that could take 3 different sizes and a
glove opener made out of steel.

REFLECTION

It has moved from being a product that hangs on the wall to being placed on the tables that are al-
ready in the hospital rooms. This is due to the fact, that it will take way to much space than necessa-
ry. Even though it has been smaller than the first concept, it is still hard to imagine how big/small it
will be in context. Therefore it would make sense to make a 1:1 cardboard model to see in real life.

CONCLUSION

New concept has to be reviewed for feedback

NEXT STEP

MAKING A 1:1 CARDBOARD MODEL
FEEDBACK
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1:1 MODEL AND SIZE

PURPOSE AND METHOD

To see the latest concept ina 1:1 model

EMPIRICAL DATA AND SHORT DESCRIPTIONS

A 1:1 cardboard model of the latest concept

IIl. 120. Front view of model Il.121. Side view of model Ill.122. Above view of model

ANALYSIS/INTERPRETATION

It was clear to see that the mode was bigger than what was anticipated by the team. It was smaller than
the original concept, but still bigger than what it seemed to be in CAD-program. It was specifically the
hight that caught the eyes.

REFLECTION

It was a great example of why it is important to make quick mock-ups now and then of what is desig-
ned, as it sometimes gives a completely different perspective on a concept. It was clear here that it was
too tall, and therefor this needs to be evaluated for a potential change and how to.

As it will be placed in a hospital it would be placed on a table which would most likely have a top-cabi-
net. Therefor the hight has an importance for the final product.

CONCLUSION

Cardboard mock-up showed a too tall product

NEXT STEP

FIND OUT IF IT IS IMPORTANT WITH 3 PACKAGES OF GLOVES
SEE IF THE HIGHT CAN BE CUT LESS
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AMOUNT OF GLOVE SIZES/OPTION

PURPOSE AND METHOD

To figure out whether or not we should have 2 or 3 different sizes of gloves available. With the sized
being Small and Large or Small, medium and large. as the impact of having the medium size gloves is
up in the air, especially considering the possible size constrains of the product. If it has to fit on a counter

and have a cupboard above it, it becomes a question of how we can argue for getting rid of the medium
size glove.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

The reason for getting rid of the medium size glove instead of any other size is that wearing a glove that
is too small is more uncomfortable than wearing a glove a size too large. Using this thought process a
person who usually wears a size medium can comfortably wear a size large without much loss of fun-
ction. Whereas the small size glove can cover for the X-small size glove as well as the small size glove.

The height of the machine with three chambers of gloves is 520mm tall.
The height of the machine with two chambers of gloves is 365mm tall.

ar — — — ar — — — 1

I |
I I |
I | |
I | |
I | |
| | |
[ \ \
I

L

XS S I M L XL

II.123. Range of gloves from using 3 sizes and using 2 sizes with the used gloves marked in blue

and the covered gloves being marked with a dotted line box. dark grey shows sizes of gloves not
covered

REFLECTION

Although the new approach does not cover all users, neither did the previous set up of gloves. There is
still a small subsection of glove users who are not covered by the machine.

CONCLUSION

Removing a glove size and letting the large size glove act in place of the medium size glove while not

being a big change allows for simplifying the product at a relatively small cost to the usability of the
glove dressing machine while removing 155mm of height.
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FINAL CONCEPT

1 S

Milk
Fresh from the
Cow
every moming

Ill. 124.  Final concept next to earlier model (to see
hight difference - compared to a milk carton

ANALYSIS

The heights between the two different compartment options compared shows a significant change.
The new design isn't being much taller than a carton of milk (1L) the lowered angle of the window can
indicate lessened view of the users hands during use.

REFLECTION

The interaction of the user and product is at this point lacking due in turn to lack of testing in context
and in person.

CONCLUSION

The removal of height has changed the expression of the product and the concern in how much space
it takes up.

NEXT STEP

LOOK AT MANUFACTURING
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CONCEPT DEVELOPMENT
CONLUSION -+ SUM-UP

A recuring feedback has been made it smaller. This for-
ced the group to dig into what is necessary, allowing it
to remove functions that wasn’t a need to have but a
nice to have. From there, a concept was created that was
significantly smaller in size than the original, and with
its main functions: dressing a glove fast and hygienic.

- There is a clear difference in cross contamination
between putting gloves on as it is with SAHD com-
pared to without.

- The product needs to fit to a hospital excaminati-
on room without being too large

- Large and small size of gloves are enough to cover
most of the markets use of gloves.




Chapter 2.2:

Manufacturer

To create and establish a business and create a product, manufacturing was a necessary
step and finding out how to create all the parts of the product. Therefore, manufactu-
ring for the components was developed. Some of the key-questions that needed answers
were:

- How much is it going to cost to produce all of it?
- Can one manufacturer produce all of the components?
- Where to manufacture?

Methodology
Internet research

To get a scope of the size of the glove market and the problem internet research was
conducted to find statistics and articles.

Calculations
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MANUFACTURING AND PRODUCTION

PURPOSE AND METHOD

The purpose is to remove uncertainty of production of certain parts, not all parts of the product speci-
fically; the outer shells of the product; the glove opening mechanism; and the box for gloves

OUTER SHELLS

The outer shells of the product are to be made using
plastic injection molding with polycarbonate plastic
being used for all three outer shell parts in two diffe-
rent variations.

Injection molding
Injection molding is the forceful injection of molten
resin into a mold before cooling the resin.

Design concern

Products or part made using injection molding re-
quires draft angles so the part can be removed from
the mold (Xometry design guide: injection molding,
n.d.) the tall sides and large sides are a cause for con-
cern and will likely require ribbing for strength and
riggidity (Xometry design guide: injection molding,
n.d.). The same is true for the screw mounts. They
will also likely require gussets and ribs for strength
and smoother molding.

lII.125. Rendering of the shells three parts exploded shown in

representative materials
Transparent polycarbonate

there are some big differences when it comes to plastic injection molding in opaque and transparent
resins, mainly the attention to detail required.

Areas of concern transparent

since we have gone to the effort of making the parts transparent and clear any scraping and tool marks
from the injection and the extraction process arej. 126 (xometry design guide: injection molding, n.d.)
going to be very visible this also applies to any imper-screenshot from the design guide about their recommended
fections in the mold. The |mperfect|0n cannot be hid-
den in the same way as with opaque were texturing| r: e ericar reuremess

the mold can hide some manufacturing flaws. Since A‘M";“

we cannot have visible injection points and extraction . . ... .

points specifically from the extractor pins. Faces with medium testures 5
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GLOVE BOX

CURRUGATED CARDBOARD TYPE E FLUTE

CNC CUTTING AND CREASING

CNC cutting with an oscilating knife and crea-
sing attachment (Corrugated/Honeycomb
Cardboard Cutting with CNC Oscillating Knife
Cutting Machine, n.d.)

AREAS 0OS CONCERN

the only areas of concern with the manufac-
turing is the end stage curling of the ends to
seal the box, as the only place the curling (see
lll. 129) is actively used is with cardboard tube
ends and tube shaped boxes.

in case of the curling not being an applicable
production method a tab with a tear away opti- | pown 90° stare
on is considered

Il.127. Cardboard box for gloves folded

Sd .08l NMOA

DOWN 90° R0.74

ddVHS .06 NMOA

Sd .08l NMOA

DOWN 34° R0.74

DOWN 56° R0.74

Sd .08l NMOA

D .........................
O
=
z
?;z DOWN 60° R 0.74
el
w
g
2L bown 30° RO.74
z
g
el
(9,
o)

I.129. (edge crimped and curled, n.d.) edges of tube g

containers with their edges curled up. =
g
A
w

Il. 128. Cardboard box for gloves folding pattern
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GLOVE OPENING MECHANISME

The glove opening mechanism is set to be made in metals and plastics with critical parts made in me-
tal and supporting parts made from plastics.

Gripper arm

The gripper arm is made from a stainless steel alloy the specifics are at this
stage not known. The gripper is made from sheet steel and CNC cut using
either a plasma cutter or water cutter. With the cylindrical grabber being
joined through welding.

Controlring
The control ring is made from a stainless steel alloy that has been cut using
CNC plasma cutter or water cutter.

Connecting rod

The connecting rod is being considered in both plastic and steel depending

on the load on the connecting rod, there is also the possibility of shaving TED " i
. . . . . . .130. glove opening mecha

some excess material. In steel it will be treated like the control ring with the pism exploded

possibility of using die cutting press to stamp out the connecting rods in

large number depending on strength requirements. In plastic it will likely

be made using either injection molding or extrusion and cutting to the right

thickness.

Water cutting

This process is well made for dealing with steels of any kind and have no ef-
fective limitations on the thickness of the cut material both criteria coming
at the cost of processing time (water jet cutting a technology on the rise,
2010).

Could not find a design guide for plasma cutting

Il.131. glove opening mecha-
nism control ring with marked up
contours for cutting edges

Ill. 132.  Connecting rods made
from Steel (metallic) and plastic
(blue)

Il. 133.  Glove gripper arm in three different
materials, from the left; steel; plastic; and
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REFLECTION

Most manufacturers have resources available such as design guides to help designers make better use
of their services. While they are not readily available for cardboard.

CONCLUSION

The most certain production method among the ones brought up would be the plastic injection mol-
ding. The cardboard cutting and creasing is also quite certain with some potential for design changes

as information increases. When it comes to the opening mechanism, there are some parts of different
production methods with some uncertainties that can be dealt with as more information is gathered.

NEXT STEP

ASSEMBLY
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(GLOVE THICKNESS

PURPOSE AND METHOD

To find out how much space a 100, 150 and 200 stack of gloves takes up when packaged while looking
at different ways of packaging instead of laying them in a single layer. These calculations are simplifica-
tions of the real situation.

EQUATIONS AND APPROACH

A disposable glove typically has a rolled cuff that allows for easy
grabbing and detecting where the glove opening is. But this rol-
led cuff makes the glove thicker than the thickest part of the t
fingers creating a wedge shape where the angular deflection
would produce problems when enough gloves are stacked on
top of each other. As a simplification the thickness of the thick-
est point of finger tips is separated from the calculations and ad-
ded on top (see lll. 134). And the angular deflections are added
together separately see Ill. 135 for simplicity the length is used
as seen in lll. 135 to calculate the total thickness of the stack of
gloves

X

Il.134. Displayed here is the separation between
the glove thickness and the angle created by the
cuff and the

\ - A
b

ll.136. illustration displaying the components of
the equation: A = tan”(a/b)

a_sum

A_sum

IIl. 135. displayed here is that as the angle doubles
the length of a_m increases non-linearly

the images and illustrations shown here are not to scale
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SINGLE LAYER PACKAGING

1O
_ I X
O

IIl.137. Seen here is the largest consideration for the stack of gloves.

0’5 mm tthicknesszzasum-l_X
= 230 mm a__=b*tan(A_ )
0,25 mm A _=A™n

.= 100 A= tan (a/b)

> -5 5 X T Y
|l

5 — 1 5 O In order to find the angle deflection at n, and n, amount
of gloves, to see how large the angle becomes at the re-
p— 2 OO spective number of gloves. We use trigonometry to find

3 the angle A.

A =0.125 degrees
A =12.5 degrees

sum_n1

A =18.68 degrees

sum_n2

A, =25 degrees
t, = 76.2 mm
tnz =114.7 mm

t,= 153.6 mm
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SINGLE LAYER PACKAGING

al O A
O

Il. 138. Seen here is the largest consideration for the stack of gloves.

0’5 mm tthicknesszzasum-l_X
= 230 mm a__=b*tan(A_ )
0,25 mm A =A"n

.= 100 A tan (a/b)

> -5 5 X T Y
Il

P — 1 5 O In order to find the angle deflection at n, and n, amount
of gloves, to see how large the angle becomes at the re-
— 2 OO spective number of gloves. We use trigonometry to find

3 the angle A.

A =0.125 degrees
A =12.5 degrees

sum_n1

A =18.68 degrees

sum_n2

A, =25 degrees
t,= 76.2 mm
th =114.7 mm

t,= 153.6 mm

CONCLUSION

We require that the gloves can be placed into our packaging from the manufacturer and laid cuff to
cuff and tip to tip.

NEXT STEP

STRESS STRAIN NITRILE RUBBER
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STRESS STRAIN OF NITRILE RUBBER GLOVE

PURPOSE AND METHOD

To find out how much force is required to stretch a nitrile rubber glove to a given length by taking stress
and strain measurements by applying a force of tension on the glove and noting down the strain on the
glove.

SETUP

The glove is being measured while being stretched out whi-
le suspended in tension as the glove size L does not transmit
stresses while in compression.

the glove is meassured before being stressed. with a light
weight of 31g
the gloves are being stressed using 4 known weights

stress strain Test 1 Test 2 Test 3 Test 4
Start length 9 9 9,1 89
404,89 10,2 10,4 9,9 9,7
595,79 10,5 10,7 10,5 10,1
737649 11 11 11,1 10,4
1107,5¢9 12,8 13,2 12,7 11,1

Ill. 140. Table of test results for stresses and strains
While doing the tests it was discovered that the glove would

respond to continuos stress by increasing the strain and further
increasing the elongation from the test.

elongation static | 405 g 296 g 738 g LS 8 Isl':a]c:?o mgeI:s\IJer:;:;gstart length befor-e strain.
load
unloaded length |9 9 9 8,9
start 10,1 10,2 10,5 11,2
10 minutes 10,7 11,5 11,6 14,4
additional 106% 113% 110% 129%
elongation
1. 141. Table of test results for loaded accrued deformation as a result of time

as can be seen in the table the additional strain rises with
increased stresses in a non-linear fashion or since the amount

of tests were not extensive the additional elongation rate could

be described as eratic. possibly as a result of being in plastic

deformation instead of being in elastic deformation.

1. 142.

glove being strained by a known weight to get the strained length
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ANALYSIS/INTERPRETATION

Stress strain curve - 5,8993in(x) - 0,3484
R? =0,9997

1 2 3 4 5 6 7 8

Il. 143. Stress strain curve using the data from table 1 using the average value for each weight. with a logarithmic regression line as there
are some doubts about the validity of the curvature that is pressent in the data.

as seen in lll. 143 the logarithmic regression fits well with the test points from Ill. 141 as there are some
uncertainties as noted in Ill. 142 therefore a safety factor of 1,5 should be added onto the calculations

REFLECTION

While there are discrepancies in the data acquired as he gloves elongates over time and the measure-
ments were not taken at the exact moment of strain but some seconds after that the results could be
screwed, as such a margin of safety is required when it comes to dimensioning the force required to
open the gloves.

CoONCLUSION

For calculating the strain-stresses for the motor the logarithmic regression will be used as with the
margins for errors in the testing this gives the while not most accurate picture of the gloves but the sa-

fest picture to use given the circumstances. With the force required for a given strain being given with
y=5,8993In(x)-0,3484 at a safety factor of 1,5

NEXT STEP

DIMENSION THE FORCE REQUIRED TO OPEN THE GLOVES
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(GLOVE REQUIREMENTS

PURPOSE AND METHOD
The purpose is to make clear the requirements for the glove manufacturer

REQUIREMENTS FOR THE GLOVES

The gloves are required to not stick to themselves or eachother, as with the gloves sticking to themsel-
ves will require the gloves to be unstuck before they can be mounted on the glove opener.

REQUIREMENTS FOR PACKAGING

The gloves are required to be packaged with the thumbs pointing the same way and laid flat. they
should be laid cuff to cuff and fingers to fingers while being packaged in the Immotechs glove packa-

ging.

REFLECTION

we have known for a long time what the requirements for the glove manufacturers are but it has taken
some time for this WS to be made

CoNCLUSION

we require that the gloves can be placed into our packaging from manufacturer and laid cuff to cuff
and tip to tip

<

NEXT STEP

DETAILING
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MANUFACTURER CONLUSION
+ SUM-UP

Having gotten a greater understanding of the manufac-
turing process and what is required to manufacture the
individual components and the limitations the materi-
als presents, and the overall interaction that is between
the parts and its manufacture.

The box for gloves is made from Type E flute cor-
rugated cardboard cut and pressed.

The Glove opening mechanism is made from me-
tal cut with a water jet cutter.

The number of gloves in a pack of gloves amounts
to 150 pieces.

We know how much force is required to stretch
the glove cuff




The task ahead is getting some details in order which will be the theme of this chapter.
This will be done through calculations, stress-strain testing materials doing Finite Ele-
ment Method (FEM) analysis, and verification using stress testing. This research should
lock in some key details.

- How much force do the grabbers need to comfortably hold?
- How much power does the motor moving the grabbers need to output?
- Verify that the grabbers can hold the stresses from the gloves.

Methodology
The following chapter will use Calculations, FEM analysis, and stress testing on models
to answer some questions regarding the strength of material and shape and model.

Calculations

Using the Stress-strain curves from the previous chapter we can find the required output
required for moving the motor which in turn requires knowing how much force the glove
grabbers need to exert on the gloves to get a required deformation.

FEM analysis

Using the CAD model made earlier representing the glove grabber we used the Solid-
Works Study tools to set up an FEM analysis for the stresses applying knowledge from
the calculations. And using said FEM analysis to find structural weaknesses in the design
and apply fixes to them.

Stress testing
The physical glove grabber models made from the resin were stress-tested using the for-
ces calculated and see if they can withstand the forces required.
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OPENING MECHANISME: MOTOR

PURPOSE AND METHOD

Use the material information from "Worksheet: Stress strain of nitrile rubber glove” to size the motor
for opening the gloves to the wanted size.

SIZING THE MOTOR FOR OPENING THE GLOVE

In order to find the required amount of power [Watt], [Nm/s] | B 231
H H H circumference_start i [mm]
that is required of the motor to open the glove sized large to the = B 120 [mm]
H H end i
required size. W i 40 il
r 2,5 mm
The first thing that needs to be established is the elongation of] <™ [mm]

the glove and how much force is required to perform this defor-
mation. As such we need to know the original circumference of the glove and the wanted circumference.
The wanted circumference is found using these calculations.

Icircumference_end = ((Iend = 2 Teorner) ¥ Wena = 2" Yeorner) + (eorner - Tf)) -2

Idef ormation — lcircumference_end - lcircumfe?“ence_starr

Now that we know the wanted circumference and the differen-
ce between the original circumference and the wanted circum-
ference.

We can use the stress-strain regression from “Worksheet: Stress
strain of nitrile rubber glove”

. _— . . Ill. 144. Circumference calculations with the red
FdEf{]TTH(IfIGH IdE‘f ormation a + b rektangel showing the frame of the calculations,

blue showing the pins and black showing the
With the force required to make the deformation on the glove'ength and width after removing the radius of the

. pins from the red rektanle
now known, we need to know the force required to overcome

the friction of steel on steel lubricated. The force of mass is mul- Angle 8 . 35 degrees
tiplied with the coefficient of friction of 0,23 (Friction and Fricti- t . 21[s]
on Coefficients, n.d.) Regression parameters
a = 5,8993
— — - a- b = -0,3484
Ffﬂctmn —m-g-H . 15
safety 4
= 1,5
The total force required is equal to. nI\O;Sss i 093 [kl
_ M = 0,04
Feotal = Fdefnrmatiou + Ffricrion e = 110 [mm]

0




Il. 145.  the opening mechanism being shown marked in colors with the point of motor contact marked in blue with a radius
called r_ being 110 [mm] and is responsible for transfering the power from the motor to the glove

circle

Now that we know the force required we can find the torque required to get the wanted deformation
on the glove

T = Fiotal ~ Teircle

in order to find out how much work the motor has to do we need to know the revolutions required in a
given time. In these case revolutions per second.

7

"PS =360t

With the revolutions per second, we can now find the angular velocity which we can use to find the
output watt of the motor using the angular velocity (w) and the torque. (1)

W = 2T -Tps w =6,123 [W], [Nm/s]

output

Woutput =W " T" Sgafety

Now that we know the required output of the motor, we can use the motors efficiency to calculate the
Winput of the motor which can be found as a function of the motor efficiency and further be defined as

m’rinput = Emotor - Woutput

V-

M’rinput
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With the safety factor of 1,5 for unaccounted forces, stresses, frictions and such. So while the motor may
be over sized. This along with the data regression data from "Worksheet: Stress strain of nitrile rubber
glove” being taken as the worst case scenario points towards the 6,123 [W] likely being over dimensio-

ned for the task.

We have found out that the amount of work that has to come out from the motor with a safety factor
of 1,5is 6,123 [W] with the V [V] and | [amp] depending on the selected motors efficiency.

(WHICH NEW THINGS DO WE NEED TO DO NOW? WHAT SHOULD WE LOOK FURTHER INTO?)




STRESS TEST OF RESIN "GRABBERS"

PURPOSE AND METHOD

The purpose have been to find out if vacuum will expand the glove and how the setup generally will

be set to achieve the expantion of the glove. This will be done through a prototype that includes card-
board, wires, batteries, tube, glue, half a bottle and a vacuum-motor.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

The purpose of this test was to see if the glove could expand when exposed to vacuum. The model was
made out of cardboard, half of a coca-cola bottle (1L), a small vacuum motor, glue, tube and wires. By

drilling a hole in the bottom of the bottle, one could glue the bottom to the tube, and by filling the front
with a glove, a successful vacuum happened.

ll. 146. Testing lll. 147. Testing close-up Ill. 148. Silicone form and resin

strength by lifting model with kobber inside for
400ml increased strength

ANALYSIS/INTERPRETATION

The test was successful in the sense that the glove was expanded as hoped and expected.
It took 10 seconds.

REFLECTION

There was nearly not enough room in the bottle for my hand to be there, so that differently has to be
bigger. A bigger room also means more space and thereby needs a stronger vacuum. The glove was

inserted manually, we need to find out what kind of mechanism will be smart to load the glove auto-
matically.

CONCLUSION

Vacuum works to expand the glove

NEXT STEP

FINDING OUT WHICH SIZE THE “ROOM” SHOULD BE FOR A FITTING AND COMFORTABLE HAND
FIND OUT THE MECHANISME THAT SHOULD BE ABLE TO LOAD GLOVES INTO A POSITION
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STRESS STRAIN ANALYSIS

PURPOSE AND METHOD

To find out how durable the glove spreader arm is and how much force can be applied to it before bre-
aking a finite element analysis needs to be carried out. While a calculation could be carried out as well,
the complexity of the shape would give a large error and would be somewhat incomparable

EMPIRICAL DATA AND SHORT DESCRIPTIONS

von Mises (N/m*2)
1510008
L 1anem
10600008
 smendr
L 75600007
 Gossentr

| 45420407

3028407
15156407
1,391e+04

Vield strength: 2,327¢ 408

Ill. 149. finite element simulation of the spreader arm in the
start configurations showing large stress conccentrations in the
seam. while still being within strength requirements is concer-
ning to see. the material tested being steel

von Mises (N/m*2)
1,431 408
1,288 408

11456408
_ 1,0026+08
_ 8586407
| 7,155e+07
L 57246407

| 4293407

2,863¢ 407
1,432¢ 407
1,303 404

—p Yield strength: 2627 +08

II.150. With afillet given to the stress concentrations found
the location of a former "fix” to the concentration issue has
shown up again as a problem.

/

]

van Mises (N/m?2)
17816408
1567008

L 139008
L 12100008
| 10see08
L a0see0r
Eos)

| 5204007

l 3a8e007
1

B Vield trength 28276 408

l.151. location of stress concentration has been given a fillet
to spread out the load an decrease the stress concentration, in
turn showing the location of another stress concentration

von Mises (/"2
10270408

| o2a0e0t7

_ 82te0r
 Taeresty
 gi6tesr

L 51aes07

L 4108407

Il.152. the fillets used to fix the stress concentrations has
been increased to spread out the load further
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ANALYSIS/INTERPRETATION

With ayield strength of 2,827e8 (282 700 000) N/m2 and the stresses being between 1,5e8 (150 000 000)
N/m2 to 1,8e8 (180 000 000) N/m2 depending on which configuration the spreader arm is in. seeing a
reduction to Ill. 153 shows 4,822e7 (48 220 000) N/m2 giving a safety factor of 5,8 should prove strong
enough to not break from any sudden failures while still being able to withstand some degree of fati-
gue, but fatigue could become an issue in future.

Il. 153. final configuration of fillets giving a significant reduc-
tion from the start calculations, with the potential to reduce the
stress concentrations further if needed

REFLECTION

Hand calculations could have been used to supplement any mesh errors in the simulation that would
have given false indication of problems, and different mesh sizes and types could have been used to
better deal with strange behavior. But the continuous stress concentrations in the same spots shows
that the significant areas of concern are not unfounded

CoNCLUSION

Using finite element the loads in the simulations were able to be better distributed in the material and
lowering the stress concentrations significantly.

NEXT STEP

(WHICH NEW THINGS DO WE NEED TO DO NOW? WHAT SHOULD WE LOOK FURTHER INTO?)
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. TW.

DETAILING CONCLUSION +
SUM-UP

The FEM analysis showed that the glove grabber was li-
kely to suffer from stress concentrations, which were al-
leviated with the addition of material to help the transi-
tions where the stress concentrations'appear.

- The output of the motor powering the glove grab-
ber requires 6,123 [W] of power to open the gloves.

- The glove grabbers could withstand the applied
force without breaking.




The following chapter deals with doing business how we compare with the competition,
what our beachhead market is. What the action of execution is and business canvas of
the company.

What is the market?

How do we enter the market?

What is the business model?

How are we aligned with the competition?

Methodology.

The following chapter makes use of Competitor mapping, beachhead market, and busi-
ness canvas to establish a business model and a setup of an execution plan to carry out
the business model.

Competitor mapping

The competitor mapping looks at the IGIN glove dispenser and looks at how to align
SAHD, so they have a different value proposition and use scenarios to avoid undue com-
petition.

Beachhead Market
In the beachhead market, seven questions are asked adhering to the market and the he-
alth and plans for moving to different markets.

Business canvas
Is a tool for showing the business model and used to document the business model.

Execution plan
This section contains the plans to be carried out in the future regarding the development
of the product and steps to be taken before product launch.



COMPETITOR MAPPING

PURPOSE AND METHOD

Compile the information we have about the competition and our own product and find areas of dif-
ferentiation that would allow less direct competition on the market during the startup phase of the
product. And end up with the unique selling point of the product.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

IGIN

Values

Time optimization | supplyline optimization
Environmental waste reduction / glove use optimization

Hygiene | mobility

Ill. 154. Table comes from "Worksheet: IGIN values”

The IGIN is lacking when it comes to user considerations and the user in general and doesn’'t come
across as intuitive at all and lacks semiotic symbolism or instructions in general. Ease of use does not
appear to be a general consideration for the IGIN with the exception being around the glove dressing
function making the product look more like an advanced proof of concept or prototype than a finis-
hed product. "Worksheet: IGIN values”

STRENGTHS WEAKNESSES
« High capacity of gloves « Lack of user interaction points
«  Mobile « Lack of semiotics for product under-
« Hygenic standing
« Quick glove dressing « Large footprint and bulky

« no obvious product direction
« runson battery

SAHD

values
Hygiene Longlasting

Dependable Inclusive

As these values are the wanted values for SAHD
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ANALYSIS/INTERPRETATION
SAHD

The SAHD has no wish at this time to be a mobile platform for glove dressing. Instead, the function is
to be a stationary hygiene station where the user(s) can reliably expect the product to be placed. We
do not expect a great need for several hundreds of gloves to be a necessary component of the pro-
duct which will allow the product to be that much smaller. While the product being easily attachable
to a power outlet does not require a battery to operate like the IGIN does as such there isn’t any extra
considerations for making a more longlasting product by replacing the battery every so often or the
inconvenience of what to do when the charge runs out indicating the dependability of the product.

A great point for differentiation would be to improve on the semiotics to fight the weak spots of the
competition. There is also the idea of glove removal and assisting the user in removing the gloves safe-
ly and contain them to a secure area.

+ Clear indication of how to use the product (inclusive)

«  Smaller size to better fit on a wall (inclusive)

« Stationary placement. (dependable)

+  Glove removal (hygiene)

« No running the product primarily of a battery (dependable, longlasting)

REFLECTION

The approach towards the marked is a reactive approach, looking at what is wrong on the marked and
seeing what weaknesses the competition has and trying to one up them, while adding on a few featu-
res that will help the product stand out. Meaning we have found the products unique selling points in
the marked coincidentally these USP also coincides with the products values.

CoONCLUSION

We succeded in finding ways that the values of our product and the flaws of our competitors to open
up areas of differentiation where ALL of out values are represented, which is a really great boon.

Clear indication of how to use the product (semiotics)
Smaller size to better fit on a wall

Stationary placement.

Glove removal

No running the product primarily of a battery

NEXT STEP

COMPILE ALL CRITERIAS FOR THE REQUIREMENTS
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BEACHHEAD MARKET

PURPOSE AND METHOD

to find out if the selected beachhead marked of danish hospitals are an appropriate beachhead mar-
ked and analyse the market by asking these 7 questions.

Is it well funded?

Do we have ready access?

Do we have a compelling value proposition?

Can we deliver the whole product?

How is the competition?

Can we use the beachhead to leverage access to other markets?

How does the market fit with our personal allignment?

SREN L s Y e =

IS IT WELL FUNDED?

According to the conversation with LSI (appendix xx) the funding is mostly based on the value propo-
sition when it comes to the danish healthcare sector. If the product can become a part of best practice
then the funding available becomes well secured. While there are economic incentives for innovations
in the healthcare sector.

Do WE HAVE READY ACCESS TO THE CUSTOMER?

While access has been restricted and hard to get during the Covid-19 pandemic we are hopeful that in
future when the situation has gotten under control and the vast majority of Danes have been vaccina-
ted and the state of the world goes back to "normal” we expect the access to improve.

Do WE HAVE A COMPELLING VALUE PROPOSITION?

The value of reducing diseases and the spread of diseases especially when it comes to infections that are
most commonly acquired during hospital stays and visits like MRSA and C. Diff. Are the main perpetra-
tors but our product can also help as a pandemic measure to reduce the spread in hospitals.

CAN WE DELIVER THE WHOLE PRODUCT?

It has always been the plan to deliver the product along with a service of gloves, so we can be sure that
the gloves and the machine fit together and the requirements of the gloves meet the desired require-
ments for the machine to function properly.

How Is THE COMPETITION?

While saying that there is not competition is strictly not true, there is no product that directly competes
with the functions of our product. When it comes to incumbent competitors like the glove suppliers, we
will run into some pushback. But we expect that with the government incentivising innovation in the
health sector will help alleviate these incumbant competitors.
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CAN WE LEVERAGE THE BEACHHEAD MARKET?

We expect that with some hospitals using the product and hopefully seeing the improvement it brings
that we can move to other countries in with the product.

That being said we also see that we can move into food suppliers by stating that these are up to the
task of hospital abuse and spread.

DOES THE MARKET FIT WITH OUR PERSONAL ALLIGNMENT?

Jonas: | find the current state of the healthcare system to have areas of absurdity and places of insin-
cerity the problem with how gloves are handled is something | find strange. The acknowledged best
line of defense is being treated haphazardly by the healthcare professionals. Especially in how they are
treated during the dressing phase and keeping sure that the gloves are kept safe.

Bashar: Since childhood i have personally always wanted to be a doctor and more specifillay a brain
surgeon. Since then i also had a dream of becoming a dentist, so a facination in the health-care sector
has always been something. As a son of a Mechanic, industrial products and mechanics have been a
big part of my life. Together with my love and facination of Industrial design today, this product sums
up as one big combination of both worlds that i love, the medical and industrial.

REFLECTION

The beachhead market shows promise but there is concerns about the normal size of the markets
growth as we would struggle to keep up with a possible demand. This makes us reflect upon the fact
that we would need a strong foundation of investors to be able to keep up with the market demands
and expectations in regard of providing service for the product and selling of gloves.

CONCLUSION

The danish healthcare sector is an almost ideal place to make a beachhead market the main downside
being the Covid-19 pandemic putting restrictions on the access. otherwise with government incen-

tives and the lack of powerful encumbent competitors. coupled with the potential of the leverage
granted by the marked makes it very hard to see the downsides of the market as a beachhead

NEXT STEP

BUSINESS CANVAS
INITIAL EXECUTION PLAN
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PRELIMINARY BusiNEss MODEL

PURPOSE AND METHOD

To create and have an understanding of a potential business case where the different aspects of a
companies actions and responsibilities.

EMPIRICAL DATA AND SHORT DESCRIPTIONS

Key partners Key activities Value Customer Customer
propositions relationships Segments
Glove supplier Innovation Creating a hygie- | Costumer as- Healthcare
nic environment sistance sector
Investors R&D . ]
Time saving B2B Food sector
Manufactures N .
Sustainability | Channels Cleaning sector
Events/ Laboratories
Conferences and chemical
LS| facilities

Revenue streams
Cost structure

Sale of product/service

Product design
Glove supply

Manufacturing
Software development
Costumer service
Employees

R&D

Advertisement
Product Certifications

REFLECTION

This business canvas was created at the beginning of the whole process to get into the company state
of mind. It hasn’t been developed on since then, but would definitly be evaluated in the future of the
company.
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EXECUTION PLAN

PHASE 1: PROTOTYPES

DEVEL@Z@LHJ

PROTOTYPING

nnnnn Money

FUNDRAISING

oo
oo

MANUFACTURE

Glove grabber car-
riage

Test: Functions

Find angel investor

Create prototypes
for functions

Glove grabber Test: Interaction Apply for grants Create prototypes
head between compo- for assembly
. nents
Interaction bet-
ween components
PHASE 2. ALPHA MODEL

DEVEL@@ PROTOTY#NG =] FUNDRAISING MANUFACTURE

Fix issues found in Test: pump Find angel investor Create prototypes

fests

User interaction

Size up the required
motors and pump

PHASE 3: BETA MODEL

DEVELQ@]

Test: User interacti-
on

PROTOTYPING

Apply for grants

Start selling Alpha
models

FUNDRAISING

pump test

Create prototypes
User interaction

Create Alpha mo-
del

Setup small scale
production

oo
oo

MANUFACTUORE

Fix issues found in
alpha deployment

Setup study for
difference made
using alpha model

Beta Model

Test: Beta Model

Test: User interacti-
on

Find angel investor

Apply for grants

Start selling Beta
Models

Create Beta Model

Create large scale
production
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VALUE CHAIN

PURPOSE AND METHOD

the task is to explore the different ways of storing gloves with illustrations detailing the interaction
between the user and the glove refilling. Ending out with a solution that does not have a high amount
of complications for its use case and looking through the different solution cases and assesing their
implementation cost against eachother. and create a framework for the changes to the supply chain
that follows as a result of implementation of the product.

BiG BOX GLOVE CONTAINER

Step 1

Here the box of gloves has a considerable amount of gloves remai-
ning |]
Step 2

As the gloves are being removed the compressive glove pusher is )

pushing the gloves close to the intended use point until there are no
gloves left.

Step 3
With no more gloves left the box containing the gloves can be remo- H
ved pulled out without problem.

Ster 4 Y

Having removed the container the box comes in it is now possible to
reset the compressive glove pusher.

Step 5
Now that hte compressive glove pusher is reset a new container of
gloves can be inserted, refilling the the amount of gloves available <
This solution is intended for all types of users, where the estimated [T o
primary refiller being the doctor or nurse who needs to use the glo-
ves. L] A
Te 26 36
o @ N
+ a
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MULTIPLE GLOVE BOX COMPARTMENT

Step 1
Multiple containers of gloves are stacked and kept in place by the
pressure from the compressive glove pusher

Step 2
As the gloves are being used up the compressive glove pusher mo-
ves further along its path

Step 3
when the compressive glove pusher has moved past a glove contai-
ner completely it can be removed from the stack.

Ster 4
with the container removed the compressive glove pusher can be
reset.

Step 5
with the compressive glove pusher reset a new container of gloves
can be inserted and be refilled.

This method is primary dependent on maintenance staff to restock

a doctor can refill it in case they run out.

the machine before it runs out of gloves and in worst case a nurse or “~ 7
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QUICK GLOVE CONTAINER REPLACEMENT

Step 1
Here the box of gloves has a considerable amount of gloves remai-
ning

Step 2

As the gloves are being removed the compressive glove pusher is
pushing the gloves close to the intended use point until there are no
gloves left.

SteP 3

With no more gloves left the box containing the gloves can be remo-
ved pulled out without problem.

Ster 4

Having removed the container the box comes in it is now possible to
reset the compressive glove pusher.

Step 5

with the compressive glove pusher reset the next box in line can
slide down to take the place of the removed box, from the stack of
glove boxes

STEP 6

Maintenance staff refills the stack of glove boxes when there are no
longer a large stack of boxes of gloves stacked on top of eachother
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ANALYSIS/INTERPRETATION

BIG BOX GLOVE CONTAINER
It fulfill everything that is required of a glove storage solution, it comes with the downside of only
having the cartridge replaceable when it runs out of gloves

MULTIPLE GLOVE BOX COMPARTMENT

While the fact that not running out of gloves is a good thing, keeping track of when the compartments
are in need of restocking and making sure that the compartments are restockable while also being
able to feed from one box of gloves to another may be a bigger challenge than just letting the ma-
chine run out of gloves.

QUICK GLOVE CONTAINER REPLACEMENT

while it is possible to do this, it is not possible to implement in the current configuration of the pro-
duct, and requires extensive redesign and reconfiguration just to add a storage for glove boxes which
doesn’t add much to the product aside from making the product larger than it needs to be. While
much the same could be achieved by having a few extra boxes of gloves placed next to the machine.

REFLECTION

the resulting solutions are variations of the same solution principle and does not introduce additio-
nal or different principles as such the scope of the task is not as exploratory as it could have been but
more of an ivestigative comparison between a few variations of solutions.

CONCLUSION

in conclussion Big box glove container is the solution going forward as it has the least amount of com-
plications with the design going forward requiring the following.

- A way to keep the gloves hygeinic while refilling

- a way to have the compressive glove pusher compress the gloves while making the glove box extrac-
table.
- A sanitary solution to compressing the gloves.

NEXT STEP

HOW IS THE BOX SHAPED AND HOW IS THE REQURIEMENTS BUILD INTO THE SOLUTION
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CONCLUSION

The master thesis project has worked with two problems the first one was the annoyance created by
putting on nitrile rubber gloves and the other was the hygiene problems that was discovered during
a conversation with LSI. Learning about the hygiene problem and the damage to society the problem
has made for a change in priorities, the time it takes to put on a pair of gloves was no longer as big of
an issue, this is not to say it is not important. If it takes too long time to put on a pair of gloves the
product would likely not be used, so this aspect should not dissuade people from using the product,
but no further than that. Shifting to hygiene also impacted the value proposition greatly, the value
proposition was immediately changed from a nice to have product to a need to have product as 75
000 Americans die because of hospital acquired infections each year, many of which could have been
avoided, we have purposefully avoided asking the question of how much this cost society as it would
quickly become a very advanced calculation and could be the theme of an entire research paper to
figure out but we suspect with the extra hospital beds used and lost work hours quickly becomes a
number in the billions of $ in lost value.

SAHD focuses primarily on getting your hand gloved without creating contact with the outside of
the glove when putting on the gloves. SAHD removes any interaction that requires a user to place
their hands on the glove leaving them with only touching the inside of the glove as their hands slide
on inside. Removing not the need for frequent cleaning of hands but the tolerances required when
washing hands. Lowering the risk of unintended infections and spread of disease in an environment
where people are already in a weakened state. SAHD would be an effective product for hospitals and
healthcare clinics to keep communicative diseases and infections.under control where they are most
needed to be under control. This combined with an industry that knows it needs better ways of put-
ting on gloves especially with powdered gloves being removed from the market leaving gloves harder
to put on properly.

11

1
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Challenges: Covid-19

During the project, the corona pandemic has had its impact on the development process of SAHD, while
the shutdown of society has been disruptive in the workflow regarding communication in the project
group and with supervisors. It has also had a more direct impact on the restrictions placed on hospitals
and the healthcare areas. Reducing our ability to conduct in-person testing and questioning of medical
professionals. To tackle this situation, we grabbed hold of personal contacts with medical students to do
early tests [test of early gloves] and quantitative questionnaires. The biggest issue that covid has brought
was the restrictions in doing context analysis and verification as can be seen in [going from 3 to 2 glove
sizes] where we went from small, medium, and large size gloves to small and large sizes, using assumptions
photographs found on the internet, being the only point of reference and making assumptions on the
relationship’between the distance between a kitchen counter and kitchen above counter cabinets being
equal at home and the hospital. In general, the lack of knowledge and personal reference to the context

Topology

Not working with an idea of what the design rules are, as you would know when designing furniture where
you have an established ruleset to follow. Topology-free design space is always a strange place to design
and develop from, so some inspiration has been drawn from IGIN to reduce the topology challenge.
This, coupled with the lack of context for design, has left its marks on the product development phases,
especially when working with a Lean product development. Where the lack of context left too many
unknowns for too long especially in the early design phases, leaving us to do feature reduction based
on a mixture of gut feelings and logical conclusion, leaving, for instance, the hand disinfection for too

Challenges: Technical
aspects

Initially, we underestimated the restrictiveness of covid on getting contacts and context and we became
clearer on the difficulties that would be brought along with getting the concept verification done by doc-
tors and nurses. This, coupled with the extensive technical aspects of the product, made it a lot easier to
get the technical aspects in order and choosing a challenge where we could have an active development
phase when trying to do more research into the context where the access and results would be uncertain.

Future work: Glove
grabber

The underdeveloped areas include the glove grabbing head and accompanying carriage for moving it
around. And finding out how the accompanying system should function. Needs further development
and clarification as it is now, it has been left in a black-box state with the assumption of everything
working out fine. To which we use 3d printers as a guarantee of function and industrial robots for the

Disinfection

How we keep the product safely disinfected when placed and continuously operated in a “hostile”
environment is a great challenge, while considerations have been made early on where the solution
considered was ultraviolet and we not seeing any big reasons not, the challenge comes down to dealing
with the few downsides of the technology and working with the upsides as well.
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3 | 005.001_1 | 1 |10.54 3.36 2.19 N/A N/A | N/A
4 | 0050091 | 1 |11.17 5.99 0.18 PC NA | Plastic
5 [sub_asm_ 03| 1 | 49.28 37.43 2.84 N/A N/A | N/A
51 | 005001 3| 4 | 3.64 3.35 0.04 Mciﬂgjium NA |Casting
Plain 8.65 x
52 | 005.002.3| 1 | 0.00 0.00 0.00 Carbon | 8.66x | Block
Steel 0.63
53| 005.0033| 1 | 521 3.44 0.77 Mcgﬂgfjum NA | Casting
5.4 | 005.004.3| 4 | 3.61 3.36 0.00 PFTE NA | Plastic
55 | 005.0053| 1 | 578 3.44 1.34 Mcg\ﬂgjum NA |Casting
6 |sub_asm_04| 1 | 0.00 0.00 0.00 N/A N/A | N/A
6.1 | 005.001_4| 1 | 0.00 0.00 0.00 N/A N/A | N/A
6.2 | 005.002.4| 1 | 0.00 0.00 0.00 N/A N/A | N/A
6.3 | 005.004.4| 1 | 0.00 0.00 0.00 N/A N/A | N/A
6.4 | 005.003_4| 1 | 0.00 0.00 0.00 N/A N/A | N/A
7 | 0050015 | 1 | 871 3.52 0.19 | 7079 Alloy | NA |Casting
8 | 005.003.5 | 1 |10.18 5.11 0.07 PC NA | Plastic
9 | 005.002.5 | 1 |10.14 5.11 0.03 PC NA | Plastic
10 | 005.004.5 | 1 | 0.00 0.00 0.00 N/A N/A | N/A
11 |sub_asm_02| 1 | 0.00 0.00 0.00 N/A N/A | N/A
11.1| 005.001_2| 1 | 9.04 3.46 1.58 PC NA | Plastic
11.2| 005.002.2| 1 |10.99 3.46 2.53 PC NA | Plastic
11.3| 005.003.2| 2 |13.89 3.54 0.35 Mciﬂgf,‘”m NA | Casting
11.4| 005.004.2| 1 | 335 3.01 0.34 N/A N/A | N/A
11.5| 005_006_2| 1 | 0.00 0.00 0.00 N/A N/A | N/A
11.6| 005.005.2| 1 | 0.00 0.00 0.00 N/A N/A | N/A
6 S
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materials marked as N/A are products to be bought
but in the case of subassemblies it is because the information is
available in the components

Parts number

How to read
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1 005_001_3 4
2 005_002_3 1
3 005_003_3 1 5
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