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EXECUTIVE SUMMARY

The following document outlines the proposal, design, and research complet#uefor
ACSBE Proof of Concept Competition. démignteam consisting of Lance Taylor, Dave

Gee, Jereme Outerleys, and Duncan Elascomposed a Research Plan for the design

of aMobile Detachable Prosthetic HanThis hand will assist subjects who have reduced
mobility and utility of their hand or wrist. Iparticular, the attachment will help people

who have undergone sudden trauma such as a stroke, leading to an abrupt decrease in
their ability to grip and grab objects. The hand attachment will serve as a replacement

G2 GKS ¢6SI NBNRA a2dbkefhedateyttd perfdrmyriormal dailyg A f £ Sy
activities thatwould be otherwise impossible without such a device. It is understood

that other similar solutions to the problem are existent in the market today; however,

none of these solutions are sufficient practical in the context of which this product

exists. Therefore, through a series of iterative design steps and processes, a conceptual
design has been created, evaluated, and revised in an att@wiponlyto provide

assistancé¢o patients with limited land movementbut also to make the design
marketable infl 2 R 8 Qa ¢2NI R® ¢KS F2fft2¢6Ay3a R20dzYSy i
describes in detail the components and specifications of the design, and further imposes

the need of the hand.
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1. PROJECT SUMMARY

1.1 Introduction

Victims of sudden traumatic experiencesch as strokes or other injuries that reduce
0KS dziafAlGe 27F 2 ydifuity whényirfng © Ipefforrs RotdINils y O S
tasks. For one to have the normal use of their hand for their entire life, and to suddenly
have it stripped away can betd. The goal of th&lobile Detachable Hand Prostheis

to provide a temporary, perhaps permanent, solution to this problemAlthough there

have been similar ideas and products in the market in the past, none have provided an
adequate and practical agion to the issue at hand. By using the 5 steps of design,
while keeping the needs of the public in mind, we intend to create the best product

possible for the market.

1.2 Overview of Concept

The original idea was to develop some sortbattery operatedrobotic hand that will
fasten to the patients hand, and be controlled by the finger movement of the patients
hand. This will be possible because the patient will most likely still have movement of
their fingers, but will be affectedby a decreased amountfstrength. The hand will
resemble the image of a normal hand, with retractable fingers and thumb, constructed
out of a sturdy and rigid material that can withstand corrosive elements and the stresses

of applied force.

1.2.10rigins of ldea

The idea wa®riginally to design a hand for patients who have a brokem or wrist

and have limited movement due to the obstruction of the cast. Through talking to a
subject who currently had a cast on their right forearm, it was discovered that there
were many sim@ tasks that were quite difficult (See Appendix: Article 1 for an

interview with Christina Pronk, cast patient).was then brought to our attention that
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arthritis patients also undergo severe stress when trying to perform normal daily tasks.
Finally, itbecame most apparent that stroke patients were ones who had the most
difficulty with rehabilitation and the use of their hands. With this mfation, the

design was initiated.

1.2.2Developing of the Idea
Once the need was identified, the five stagesdekign were initialized. These stages
consist of:

1) ldea Generation

2) Conceptual Design

3) Detailed Design

4) Prototype Testing

5) Finalized Design

The idea generation stage allowed for brainstorming of possible design solufiariag

this stage, the followingpecifications were identified:

e size of robotic hand e Wweight
e location of attachment e cost
e material for hand and attachment e aesthetics
piece e mechanism focontraction
e means of power e speed

Attributes of the contraption consist of the following

e ability to grip objects* e durablematerials
e should fit on all arms with or e waterproof
without casts e should be relatively light-1-21b)
e not bulky/awkward to e wireless/battery operated
hold/operate e easily charged
e should be cheap/affordable e tendon operated

*required attributes in italics
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Finally, constraints were identified as:

e must abide by all standards and codesliome electronics and prosthetics

e must not endanger users
These attributes and constraints were derived from a series of brainstorming
sessions and through an interview with a specialist (See Appendix: Articksd),
the interview with the cast patienassisted in the design process. On top of these
interviews, a random surveyAppendix: Article 3was conducted to gain more
customer input as to what types of tasks are most difficult when physically impaired.
After reviewing this information, research weaconducted to determine if there
were any other potential strategies available to tackle this problérhrough
searching patent sites, it was found théetre were other similar productssuch as
robotic hands, and full prosthetic limbs; however, nonal@$sed the problem we
were trying to solve. All of this information contributed to the final design, which

will be outlined later in the document.

During the conceptual design phase, the attachment was broken down into 3 main
areas:

1) ElectricalCircuitryand Power

2) Mechanical Movemenand Power Drivers

3) Chassis and Frame
In order to better understand the different aspects of each area, a function chart
was constructed. (See Appendix: Articld). Once the functions were outlined,
different ideas were brairtermed, forming a morphologidagraph (See Appendix:
Article 5). From this morphological chart, a final design was selected and

implemented.

Ultimately, the product is in the detailed design stage of developmemhhere are
many elements in the design that need to be chosen and modified, and there are

several unknown aspects of the product that need to be designed.
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2. POTENTIAL FOR COMMERCIALIZATION

There are many options available for our product to be commercialized and marketed
in Canada as well as other regions across the world. There are many foedts
product, many options available for commercialization, and many benefits from

marketing theMobile Detachable Hand Prosthetic.

2.1 ldentification of Need

As stated above, there were many indications of a need for this product. As shown in

the survey (Appendix 3}here are several tasks that are difficult or near impossible
without the strength2 NJ Y20 Af A& 2F 2ySQa sNRaAlGD C2NJ SE
such ascooking, sweeping, pouring water, washing dishes, ironing, opening hottles

etc. were some of the tasks that people had difficulty with. Also, there are professions

that requirethe @ S 2F 020K KFIYyR&asx YR gAGK2dzi GKS Fd
the job is impossibleAlso stated above, there are no efficient and economic solutions

to this problem, which presents the need of a product that can help people retain

some hand movemerdnd utility.

2.2 ldentification of Market

The market is quite obviously anyone with limited hand mobility. As far as designing
the product, however, this market must be narrowed down. For instance, cast
patients will have different needs than people whoffer from arthritis. Also, the size

of the wrist will greatly influence the frame and chassis of the product. The aim of the
attachment is to be universally compatible with all sizes of arms, but if this presents

too much of a problem, there will need tee some sacrificeis size

When trying to identify the main market, there were several factors that came into

play. Firstly, we separated the market into 3 main groups: Cast patients, Arthritic
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patients (or patients of similar disabilities), and pattsrwho have undergone a
recent stroke or other traumatic incident. The determining factor that differs
between these groups isme. More specifically, it is the timir which the patients

will needthe attachment and the time that is required for one riealize the need for
such a device. For instance, cast patients will only need the product for several weeks
(approximately 4¢ 6 weeks) arthritic patients will need the attachment for an
extended period of time (perhaps permanent, depending on the sigeaiiedical
condition), and stroke patients will need a solution for a long period of time as well.
The difference between arthritic patients and stroke victims ist¢hedemessof the
disability. Where arthritis is a gradual loss of hand strength androbrd stroke is a
very sudden traumatic event, where the patient has most likely had the use of their
hand their entire life. With this the case, stroke patients will be in more need of an
immediate solution to the problem, making them our primary mark#fith that said,
however, the product will still be available to cast pat®e and other disabled

patients who find themselves in need of a hand.

2.3 Benefits to Region

The benefits are quite obviously amcrease in hand mobility for disabled patients.
This increase in mobility not only affects a region on an individual scale, but it also
allows disabled patients to remain active in the community and participate in their

jobs and daily activities outside the home.

It should also be noted that this hand not a handreplacement.Rather, it is a
temporary solutionthat should be used alongside therapy and treatment. In some
cases, where there is no treatment or cure for the disability, the hand could serve as a

permanent solution to the problem.
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3. INNG/ATIVE ELEMENTS

With this product, there are many elements and components that need to be designed
and constructed. These elements will draw upon designs of similar products and

concepts, but be revised to suit the specific needs of the product.

3.1 Technical Components

Aspreviously mentionedthe product was broken into three main areas. Each area has its
specific subsection that consists of unique technical elements. The elements are broken

down and related to a specific function (see Function Chart, Appendix 4).

1) Electrical Circuitry and Rer
The device will most likely be operated by an electric motor or
servo, controlled by some circuitry and the power will be
controlled and relayed to the motion source. This will most
likely be operated by some power source such as a battery.
2) MechanicaMovement and Power Drivers
There will be a mechanical hand that is controlled by some
sort of mechanical transmission system. The hand will
O2y N} OG FtyR SELIYR o6lFaSR 2y GKS ardayl
fingers
3) Chassis and Fram
There will be a rigid framé K+ G F GdF OKS&a G2 GKS dzaSN.
distributing the weight evenly along the arm, while
maintaining stability and placing the mechanical hand in a

suitable location.
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3.2 Component Concepts

Each area of components (See section 3.1) has innovative elemesitsnded to be

invented and designely our team.

3.2.1 Innovative Element Description

For Electrical Circuitry and power, the motor being used will be-12\9 DC motor,
controlled by a C++ program downloaded into a microcontroller that will monitor the input
and output of signals and power. The program will be responsible for reading plg in
from the user, making sur® monitor the amount of rotations of the motor and time for
each direction. Also, the circuitry will have an on/off switch to control power. The power

source will most likely be a lithium ion polymer battery, which will éehargeable.

For the Mechanical Movement and Power Drivers, a tendoven operating system will be
implemented. The motor will be connected to a geared drum which will rotate, reeling in
the cable that retracts the hand. The hand will then expand witencable is let back out,
due to a mechanism including springs. ThedHaself will consist of metal (or other form of
solid material)plates consisting of rotating discs that will mimic the movement of actual
knuckles. The hand will also rotate slighttlymimic the rotating of the wrist. There will be a
protective covering around the hand to serve as an additional gripping method, and it will

also contribute to aesthetics.

Finally, the chassis will be made from rigid plastic, perhaps from and injecboiid or a

Plexiglas slab. There will be Velcro straps that attach the frame to the arm. The fingers will

rest on a comfortable platform that will allow the fingers to press buttons or levers to

control the movement of the hand. The hand itself will e lp OS R dzy RSNY S| i K
own hand. This will be done to increase comfort and allow for a more natural feel of hand
closing and opening. The motor will be fastened to the frame and be protected from the

user by a plastic case that covers all the mecharetements of the hand, creating a more

aesthetically pleasing look and feel.
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3.2.2 Product Overview

Ultimately the product will come together as one whole item. The power source may not be
attached to the frame of the hand itself; rather, it may be ceoted by wire, and stored in

a pocket or strap somewhere else on the body. It is unsure how much the device will weigh,
and we must take all the necessary steps to reduce the moment about the users elbow. The
further up the arm the weight is, the less ofnr@oment. Therefore, if we are able to place

the battery in a remote location, It will reduce the weight. Also, the materials being used
are subject to change. Normally, these would be determined in a prototyping stage, as it is
difficult to predict the belavior of some substances under certain circumstances. The hand
will need to exert as much force as possible, and it may also need to be fast. So, there may
be two different speeds at which the hand contragtthe lower speed having more power,

and the hidper speed having less.

4. TECHNICAL FEASIBILITY

Since this product is very tangible and technical, there are many aspects of technical
feasibility that need to be accounted fointroducing the product to the market,

manufacturing the product, and selfj the product are some of these aspects.

4.1 Introduction to Market

Since there are no common products in the market that are similar to this, the challenge of
introducing the product to the market is difficult. Some possible methods of publicity are
getting doctors, physiotherapists, etc. to recommend the attachment to patients once it
has been manufactured. Perhaps the product could be sold in drugstores, medical supply
stores, and perhaps even as broad as department store drugstores. The productedlill ne

to stay within all regulations required by prosthetics and medical aid products.
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4.2 Manufacturing Potential

As this product is a compilation of parts that exist, and no new technologies are being

introduced, there are many options as to how the protlaan be mass produced.

4.2.1 Corporate Partnership

After searching for companies that specialize in medical aid and medical products, it was
found that there are a number of different corporations that may be interested in
manufacturing our product. Fa@xample, Harding Medical Supplies, Motion Medical Group,
Specialty Medical Supply, Pride Mobility Products, are just some of the companies that may
be interested. Perhaps the patent and design of the product could be sold to one of these
companies, and thecould look after the marketing and manufacturing. Since there may be
a need for an injection mould, and a factory production line to mass produce this, it could

end up being quite expensive.

4.2.1 Individual Entrepreneurship
Although impractical, perhap a company would be willing to invest in the product,
allowing us to start producing the product am smaller scale. It would be difficult to

manufacture the product to its fullest capacity; however, it still is a possibility.

5. Conclusion

The Mobile Daachable Hand Prosthetiall in all, is not just an alternative solution to
limited hand mobility. It gives people who have been placed in unfortunate situations, a
chance to live a normal life, and perform daily tasks that most people take for gradyed.
carefully designing and producing this product, people will have the option of reversing the

negative effects of strokes, arthritis, and other hand impairing disabilities.
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APPENDIX

Description of Appendix Items:

Article 1: Interview with Christinarénk, cast patient
Article 2: Inteview with Darren Boothphysiotherapist
Article 3: Customer Survey and Market Input
Article 4: Function Chart

Article 5: Morphological Chart

Article 6: Additional Sketches
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Article 1: Interview with Christina Pronk

The following interview is with Christina Pronk, student currently with an arm cast at Acadia
University. Her permission to disclose the following information has been granted.

Q: Would you benefit from some sort of hand prosthetic?
A: Of course!

Q: Whatkinds of activities do you struggle with with your cast?
A: Typing, Writing, picking up small objects such as pencils, purse, perfume, etc. | also have
a hard time opening bottles

Q: How long have you had your cast for?
A: 2 weeks so far, and | willinue to have it for 4 more weeks.

Q: How much would you pay?
Y 2SStttz L ¢2dZ RyQi gtyid (G2 aLISyYyR Y2NB GKIy
under health care.

Q: How do you envision it working?
A: It would somehow be controlled by my fingersdanimic their movement.

Q: How heavy could the attachment be?
'Y b2G KSIF@ge G FffH ¢KS OFradQa 26y oSAIKG A

Q: How important is aesthetics?
A: Not very, | just want it to work.

Q: Would you take it out in public?
A: Yesas long as it is not too bulky.

Q: How does your cast fit with your clothes?
'Y L R2YyQd Lzl GKS OFald dzyRSNYySIHGK Yeé &agSlhi
jacket.

Q)¢

Q: Do you have any other input?

A:Yes:
e | cannot rotate my arm very well, perhapsucould incorporate rotation
e Sharp edges are a bad thing. Even my cast tends to snag my clothing
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Review of Interview

After the interview, we were reassured that there is sufficient need for a prosthetic hand
attachment, and were enlightened as to whadecific tasks we would need to address.
Although typing and writing would most likely be much too difficult for us to pursue, picking

up small objects and perhaps even rotation are a possibility.

We noted that most people have a cast for approximateilyeeks. In this case, it appears
that our market will prefer to rent the product (if they have a cast). Of course;temg
patients (such as arthritis, tendonitis, etc.) may want to purchase the product. As far as
cost, Pronk stated that she would preféne arm to be covered under medicare.
Unfortunately, that is outside the scope of our project, but we could definitely pursue such

an option if we were able.

Pronk also agreed that the cast should be controlled by finger movement. This is what the
groupwas considering prior to the interview, so her confirmation of such a method was
good. As far as weight goes, we understand that we must use lightweight (but durable)
materials to minimize the weight. Aesthetics do not appear to be a problem, but si#e is.
should try to make the prosthetic look as user friendly as possible, and not bulky or
awkward. It is still unclear if we can make the arm fit underneath a coat sleeve, but this

should still be held in mind while designing.

Finally, she mentionerbtation. Cast patients cannot rotate their wrist at all; perhaps we
could address this in our design. Also, there should be no sharp edges in our final design.

This could be a simple fix, by placing protectors around all the sharp edges.
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Article 2: Intaview with Darren Booth

As a supplement to our market research, we decided to interview one of the

physiotherapists on campus. On Januar{),2¢hd informal interview was conducterdth

Darren Booth. The main points he mentioned were:

The hand attachmerwill have to be light, versatile, and comfortable

LT AGQa 3A2Ay3 G2 o0S dzaSR F2NJ I OlFraidx AG 2
limitations of the human arm.

It may also be possible to put a bit more weight on, depending how it is placed.

It should also be something that can be used for many different activities, not just

specified for one or two.

Comfort was something the emphasized as he said that if it is not comfortable, and

convenient, then people will not use it.
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Article 3: Maket Survey

The following survey was distributed to a group of individaald ¢ at random. Most of the
participants, however, were acquaintances of the group members. Therefore, a large
portion of the participants are within the <19 and-320 range of ge.

1.1 Survey

The survey is attached at the end of this document. The survey was conducted online at

(See Attachment 1.1)
1.2 Survey Results

The survey results are outlined below.

Question 1
itis " ?

What is your age’
.
15
5 I . l
A [— [
A B c 0 E

A) <19
B) 21-30
C) 31-49
D) 50-70
E) >70

A) Yes
B) No



http://freeonlinesurveys.com/rendersurvey.asp?sid=ux2ixu608r8lgdv386563
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Question 3
(or have you had) Arthritis/Tendonitis or any oth

ny other armhand impairment condition?

A) Not at all
B) Sometimes
C) All the time

Question 5

Would you find prosthetic aid helpful at your workplace?

A) No
B) Yes

Comments:

- walking and arm movement

- Working with Microscope, typing data into the computer.
- typing

- If only to write.

- the ability to grasp items such as a telephone, or mouse would be extremly benifitial

- typing, handwriting

- along thelines of grabbing things
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- | am presently a homemaker (see below) but if | worked outside the home | would find a prosthetic aic
helpful.

- stuff
- It would be helpful for grabbing and holding on to objects.

- When my arm was broken | had the modifficulty gripping/holding on to stuff because the cast went
across my hand.

- typing, filing,

- i sweep floors so i need help with that

41.86% '

A) No
B) Yes

Comments (question 6):

- getting around
- Hold onto a broom and pick up this around the house

- folding clothes, doing dishes
- i like to be able to hold on to things such as my phone, remote, keys etc

- picking up objects
- grabbing

- If impaired, | would like assistance with making meals, doing laundry, working on the computer and
driving.

- cook etc
- If i had a broken arm it would be very helpful for everything.
- gripping and holding things

- laundry, bed making, preparing food.
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- showering

- everything

Question 7: How much would you be willing to pay?
50
300
200
100
25
15
150
75
100
100
20
50
75
200
50

These are some of the more reasonable answers. On average, the accepted price was
$100.66

A) Right
B) Left

Result Analysis

The survey was designed with the intention of gaining insight as to what people want in a
hand prosthetic. We included background information simply to understand how applicable
and legitimate our information gained is. It was noted that not all of the participants have
had a cast, nor have they had any hand impairing disability. However elvthé this does

not make their input worthless, as they had some very informative suggestions in the
comments section.
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Question 1: Age

As stated above, it was quite clear that over 50% of participants were 19 or under.
However, since not many adultgve access to an online survey, this was an expected
anomaly. That said, however, with the amount of people who said that a Hand prosthetic
would not be useful in the household/workplace (Questions 5 and 6), we can assume that
our main market may not begtients under the age of 20. Rather, we may be able to
assume that our main market will be within a older age bracket.

Question 2: Have you ever had a broken arm?

No noticeable discrepancies were noticed herhe only notable information was that at

least SOME of the participants had broken their arm. Therefore we can assume that the
following questions will have some validity; also, we can assume that some of the answers
to the following questions were due to the group of people who have not brokem #mm.

(for example, question 5 and 6 could be affected as to whether or not your had broken your
arm).

Question 3: Have you had any arm impairing condition?

Similar to question 2; however, it is understandable that few people will have had any arm
impairment due to the young demograph of people surveyed. These conditions usually
occur among an older group of individuals.

Question 4: Do you find everyday tasks difficult when impaired?

The purpose of this question was to prove that there is a need fond htachment.
Although some said that they did not find tasks difficult, this could be due to the fact that
some of the participants have not had a broken arm.

Question 5/6: Would you find a prosthetic useful in workplace/home?

This question was mainlyraed at getting feedback from people as to what tasks they

would like assistance with. Our goal is to accommodate as much of these tasks as possible,
while remaining within the boundaries of our project mission statement.

Question 7: How much would you Wwéling to pay?

As far as cost goes, we received a wide variety of answers. Of course, we understood that
this would be a vague question; however, some information was gathered from the
response. People do feel that approximately S50 is an allowablbracket for a piece of
equipment like this. This number could change once the market sees the final product with
their own eyes. Therefore, we plan to accommodate this price as much as possible.

Question 8: Right or Left handed?

This question was simplynaed to determine where most of our design should be directed.
Since most people were right handed, and they would use their right hand more often, the
right arm is more prone to breaking. Therefore, we will proceed with designing the hand for
right handshowever, we will still plan to design for the left hand, it would simply be an
inverse mirror image of the right hand.
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Article 4: Function Chart

The following chart was developed in the idea generation stage of design. It outlines the
various functiongnd responsibilities of each element and component.

|Pagel

Finger / Hand Control

| GETO Engineering — FUNCTION CHART

22
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Article 6: Morphological Chart

GETO ENGINEERING
MORPHOLOGICAL CHART
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Article 7: Sketches and Diagrams

Sectional Breakdown
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Component Breakdown




