Progress Report for ME 492 – Year 2004

 Clean Hand Device

For Manual Wheelchairs
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Summary


Traditional wheelchair hand rim propulsion requires the user’s hands to make contact with the wheel. As a result, a wheelchair user’s hands become dirty and users are exposed to potentially toxic materials from the ground. A brief survey of wheelchair users indicates they would be willing to pay up to $200 for a device to solve the problem. With over one million manual wheelchair users in the United States today, it is clear there is a substantial market for such a “clean hand” device.


The device could consist of an alternative propulsion system that removes the user’s hands from the wheel, a guard system that separates the wheel from the hands, or a combination of the two. The device would attach to the wheel of the wheelchair and include a righting system to keep the hand grip point in an accessible position while moving. The device would would be an “add-on” and not require any modification to the wheelchair.


Several products exist already that would solve this problem, but none of them offer the combination that this product would. Gloves would keep the user’s hands clean, but wheelchair users complain that gloves get hot and scratchy and need to be replaced often. Motorized chairs would remove the hands from the rim, but there is a large market of active manual wheelchair users that do not want to use a motorized chair or cannot afford the several thousand dollars to buy one. Handcrank and lever wheelchair systems exist, but they again are expensive. Except for gloves, no products exist in or below the hundred dollar range that solve the clean hand problem. This is a wide open market niche begging to be filled. An affordable clean hand add-on device would be highly appealing to the over one million manual wheelchair users in existence today.


It should be noted however, that there are potential risks in dealing with products having a strong human element. A wheelchair device is something that will become a part of a person’s body, and thus is subject to intangible human standards that most other products are not subjected to. The success of products with a strong human element cannot always be predicted well. With this in mind, the design of this product should be tightly interwoven with reviews and recommendations from actual wheelchair users.
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Introduction and Background


Wheelchair users have wanted a solution to the clean hand problem for a long time. A clean hand add-on device would benefit thousands of people. The idea for a clean hand wheelchair was originally inspired by a wheelchair user named Charles Davis. Charles Davis successfully pitched the idea to a company called Keen Mobility. Keen Mobility is a local company which specializes in designing and manufacturing devices for the disabled community. 


The design of this device has been entrusted to four Portland State University students: Jeff Dahlgren, Fannie Black, Mitsunori Kaibara and Peter Pipchenko. The device design is part of the students’ Senior Capstone Program.  The design work takes place over three quarters. This report covers the work that has been completed as of the end of the second quarter.


The clean hand device design project includes several different phases. A Product Design Specification was developed that included all factors that might affect the design of the product. An external search was done to locate information on competing products, related product research, and usable design methods. An internal search involving several weeks of concept brainstorming and modeling transpired. And lastly, a concept evaluation was performed to determine the best concepts based on the Product Design Criteria. Further detail of the project’s history can be found in the Project Detailed History section of the Appendix, page 13.


Work in the third quarter will involve proof of concept prototyping, more modeling, engineering analysis, and verification. The work in the third quarter will build up to a final working prototype to be tested by actual wheelchair users. The deliverables for the project will be the final prototype, a complete documentation package including assembly and piece part drawings, final CAD models, and a final report. 

Mission Statement


We will design a “clean hand” device for manual wheelchairs that will be inexpensive and fit the most popular wheelchairs in use today. 
Project Plan

[image: image10.emf]Wheelchair Users

Condition Percent

Arthritis 28

Organic nervous disorder 14

Cerebral vascular disease 13

Bone injuries and/or deformities 11

Lower limb amputation 9

Cerebral palsy 8

Traumatic paraplegia 7

Repiratory and cardiovascular disease 5

Obesity, congenital errors, spinal injury 5


A budget of a thousand dollars has been allocated to the project. Except for some redesign required by the concept shift (see Project Detailed History in the Appendix, page 13), the project is on time and on track. Final prototype, documentation, and models will be delivered by mid-June of 2004.
The following specific design tasks will also be done in the upcoming third quarter:

Design

· Material Selection & Part Sourcing

· Nuts & Bolts Model (Add Fasteners, Bearings)

· Dimension Drawing (Piece Part, Assembly)

· Plastic Part Mold Model & Drawings (Parting Line, Draft Angles)

· Final Concept Refinement

Analysis

· Strengths Analysis of All Components

· Machine Design Fatigue Analysis of Bearings, etc.

Verification

· Simple Cardboard Prototypes

· Tougher Metal or Wood Prototypes for Actual Use

· Testing of Prototypes by Wheelchair Users

Product Design Criteria    (Version 3)

The Product Design Criteria is essentially a wish list for the product including all factors and requirements affecting the design of the product. Initially, a very exhaustive list was compiled (see Appendix, page 18), but over time this list has been refined. The most important factors in the design of the clean hand device are as follows:

· Fits Popular Chairs



The device should be installable on the majority of popular wheelchairs.

· Adjustability/Comfort



To accommodate user preferences, the device should be adjustable.

· Controllability



The device should have equal controllability to hand rim propulsion.

· Environmental Survivability



The device should be able to survive average indoor and outdoor temperatures 


and wet weather conditions.
· Impact Strength



The device should survive 50 lbs. of impact from any direction.
· Size and Weight



The device should be less than 10 lbs. and not affect the foldability of the 



wheelchair.

· Hand Accessibility



The device should remain accessible to the hand at all times.

· Customer Installation



The device should be installable using common wrenches and/or screwdrivers


and should not require wheelchair modifications.

· Safety



The device will not catch onto clothing or pinch fingers.

· Company Cost



The cost of manufacturing the device should be less than $200.

External Search


An external search was conducted to find information concerning competing solutions, product related research, and design methods.

Competing Solutions


Four competing solutions were compared: gloves, electric chairs, handcycles, and lever systems. Each had strengths and weaknesses, but overall they didn’t offer the combination of the clean hand add-on device. See Appendix, page 23 for a detailed analysis of the competing solutions.

Product-Related Research


Anthropometrics were sought for the disabled population, and it was discovered that there is very little information in this area. It should be noted that there is a strong need for dimensional information for the disabled population. There was, however, a wealth of information about what causes people to become disabled. Arthritis was the biggest factor. This means that the device should not overly rely on squeezing.


Furthermore, the lack of data and an obvious wide dimensional variability amongst the disabled population caused by so many different wheelchair bound causes, made adjustability a top priority in the design, and required that all testing will need to be done by actual wheelchair users.


Several studies existed comparing the biomechanical efficiency and long term health effects of traditional hand rim propulsion and alternative propulsion methods such as lever or handcrank. The verdict was clear that traditional hand rim methods are highly inefficient and damaging to the body over the long term, while the alternative methods offer much greater efficiency with lower strain on the body. One of the studies in particular revealed that asynchronous movement was superior to other alternative propulsion methods. Asynchronous movement is less straining to the body, and it was decided this should be an aspect of any alternative propulsion device that is designed. For further information, see the Appendix, page 26. 

Design Methods

A research paper was found that described a method of comparing the biomechanical efficiency of different wheelchair propulsion methods. The arm was modeled as a linkage system and kinetic energy and potential energy were tracked. This method could easily be adapted to Working Model, and would allow a simple comparison of different alternative propulsion designs. For further information, see the Appendix, page 28. 

[image: image11.emf]Variable Handrim Armcrank

Average Propulsion Speed 56.4 134.2

Heart Rate 126.5 114.2

Oxygen Consumption 13.5 8.67
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Similar Research at Other Colleges


A few websites were discovered which included images of similar wheelchair device design going on at other colleges. Although there was little detail, the images will prove valuable. The basic orientation, construction, and material selection in the designs will be useful in the final design stages of this device. See page 29 in the Appendix for further information. 
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Internal Search


Concept brainstorming resulted in seven initial designs including the: Shark Fin, Ratchet, Train Slot, Double Wheel, Clamp, Windshield Wiper, and Rowing Handle as shown below. In all cases, a device is only shown on one side, but the actual system will consist of one device on each side of  the wheelchair. Each of these designs was modeled in either Solidworks or Inventor. For further details about the designs, refer to the Appendix on page 30. The concepts were generated by applying the idea trigger method at several meetings. 
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Rowing Handle




Clamp
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Double Wheel




Windshield Wiper
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Train Slot





Shark Fin
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Ratchet

Concept Evaluation


After renting a wheelchair and riding around in it to get a better understanding of wheelchair users needs, the team refined the Product Design Specification (PDS) into the form that was shown earlier, and used this new PDS list to evaluate the seven concepts. A scale of 
0 – 5 was used to rate each of the criteria for each of the conceptual designs. This matrix method of evaluation elucidated several strengths and weaknesses of each design, and greatly streamlined the selection process. Two designs far outscored the others—the Clamp and the Rowing Handle. The decision was made to design a combination of these two concepts. See page 36 of the Appendix for further information. 

Recent Progress


Progress has been made since the concept evaluation. Actual wheelchair users were consulted about the designs. A hybrid model of the Clamp and Rowing Handle was modeled. A complete caliper-accurate wheelchair model was created to act as a base around which any final designs can be modeled. And finally, a revised clean hand only concept has been modeled. See the Appendices for further discussion of this progress. See page 16 of the Appendix for additional information. 
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Hybrid Concept


       Squeezable Grip Guard

Conclusion


Over one million manual wheelchair users in the U.S. today need an affordable clean hand solution. A final combination of the Squeezable Grip and the Hybrid design will meet this need. This device will be inexpensive to manufacture, simple for the user to install, and require no wheelchair modification. It will extend the hand rim and separate the hand from the wheel as per the exact specifications of wheelchair users. The device will be lightweight and minimize the wheelchair user’s disability by blending in to the existing wheelchair. Its wheel-based adjustable attachment and counterbalance system will easily fit on all popular wheelchairs in use today.


The device will appeal to the “sports” category of wheelchair user which prefers the use of manual chairs and seeks chair optimization. All other competing solutions - gloves, lever and handcrank systems, and motorized chairs have large disadvantages over the clean hand add-on device. Gloves get hot and irritating and must be replaced often. Alternative propulsion systems based on levers and handcranks are costly and require movement that is often too specialized for versatile indoor and outdoor use. The motorized systems are extremely expensive compared to the rest of the options. The clean hand add-on device presents the best combination of features. It is simple, affordable, and functional.


A brief survey of wheelchair users indicated that they would be willing to pay around $200 for a device to solve the clean hand problem. The final combination device of the Squeezable Grip and Hybrid is expected to cost no more than a $100 to manufacture. Over one million manual wheelchair users in the United States today need this device. These facts represent a fantastic market opportunity that must be seized immediately.

Appendices

Team Members
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Project Detailed History


Keen Mobility’s original intent was to sponsor the designing of a complete clean hand wheelchair. After market research, the student team recommended this complete wheelchair goal be changed. The project was revised to focus on a clean hand “add-on” device. 


With more research, the student team became aware of several other weaknesses of traditional hand rim propulsion, beyond the clean hand issue. It was highly biomechanically inefficient and it caused many debilitating effects. The team recognized the value of basing the clean hand aspect around an alternative propulsion mechanism. It was decided that an alternative propulsion system that combined the benefits of a clean hand solution and increased biomechanical efficiency should appeal to wheelchair users on many different levels and create an even more marketable product. The sponsor was appraised of this idea as well, and agreed this was a good route to proceed on.


Several concepts were designed around the alternative propulsion aspect that naturally solved the clean hand issue as well. These concepts were developed without the consultation of actual wheelchair users. The team was waiting to present the best and most developed ideas to the wheel chair users. In an effort to get a first hand understanding of wheelchair use, the team obtained a wheelchair and rode around in it. Several things were learned from this wheelchair experience that were applied to the final concept evaluation and selection.


When wheelchair users were finally consulted, they disliked the alternative propulsion aspect and underlined their need for a purely clean hand solution. The sponsor echoed this opinion as well. The feeling most commonly expressed was that “Disabled people want to minimize their disabilities,” and they felt the alternative propulsion systems would only advertise their disability. With this in mind, it was decided that the alternative propulsion aspect be put aside, and the project should focus on a purely clean hand add-on solution. A few revised ideas have been developed, but the shifted project focus will require some significant redesign.

Wheelchair Use Learnings


Several things were learned by getting personal experience with a wheelchair. Firstly, we discovered how big a problem the clean hand issue really is. Your hand really does get filthy. Secondly, rolling down hills made us realize that controllability is the highest priority. The hand gripping the rim allows for the sublest speed control of wheelchair rolling down hill. This fine touch hand control is critical and needs to be designed into our clean hand device.


Side space was recognized as a much bigger problem than first expected. The device would need to be thin and any lever would need to be made of plate metal instead of thick tubing. Finally, it was realized that adaptability will be key. Every person who sat in the wheelchair had a different reach and gripping point, and it was noticed that the rim can be pushed or pulled from several different locations. 
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Important Tips from Actual Wheelchair Users


The actual wheelchair users brought to light many factors that hadn’t been considered before. The most commonly expressed feeling was, “Disabled people want to minimize their disability.” This means that the device should at least blend into the wheelchair and definitely not stand out. Weight is critical in this regard, and it is important that any device does not stick out too far as to bring attention to the disability.


It was explained that there are two primary markets for wheelchairs: the “pusher” market and the “sports” market. The sports market is typified by people who like using a manual chair because of  the independence and health it brings. This market feels strongly that the best propulsion method will always be traditional hand rim simply because of the great controllability it offers. The chair can be spun on a dime and stopped hard or gradually. This group is the main market for a clean hand device, and it is recommended that we target this group.


The pusher market is all the hospital and temporary wheelchairs. This market does not care about upgrading their wheelchair as they are expecting getting out of it soon, or are used to being pushed around. This market would not be interested in purchasing a revolutionary clean hand device.


Within the sports market is a smaller upper spine injury group that find it difficult to bend over or have weak arm strength. This group uses the manual chair but has difficulty using it because the hand rim method requires bending down with great strength. This group would be the group that would benefit most from an alternative propulsion mechanism that offered a great biomechanical efficiency. It would allow them to move without bending over and by using little strength. 


Finally, the wheelchair users disliked any device that required awkward arm movements or significant relearning. The motion of any device should be smooth and simple. Compound movement sequences such as squeezing and pushing at the same time should be avoided.

Detailed Recent Progress


The hybrid design is a combination of the Clamp and Rowing Handle. It is based on a long lever arm with a squeezable hand grip and bike type braking clamp that rides along and grips the hand rim. The entire lever and righting counterbalance can rotate freely through a large bearing located in the center of a hubcap styel wheel attachment point. The attachment would lock over the spokes or the hand rim extension pins. The design would consist of very few parts and be strong. It is also appealing to the eye.
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Hybrid


This next device targets the recent concerns of actual wheelchair users and the sponsor. The device consists of a guard system focused on the clean hand aspect. It is very similar to the hybrid except that it complete discards the lever and clamping system. It would extend the hand rim and separate the wheel from the hand. The actual device would likely be made of smooth strong plastic and cover one third of the wheel offering a wider grip point.
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Squeezable Grip Guard

Customer List

Several important customers were identified for the clean hand device. They are listed below:

External Customers

· Manual Wheelchair Users 

· Hospitals 

· Senior Nursing Facilities



· Physical Therapy 

· Airports

Internal Customers

· Top Management

· Purchasing

· Manufacturing

· Packaging and Shipping

· Marketing, Sales, and Communication

Full Version 1 - PDS List


The initial PDS was exhaustive and included several items that were later found to be irrelevant or impossible to test. Also it was discovered that many items could be consolidated under one or two headings.

Basics

Performance


- Device will transfer power via a manual solid drive system


- Device will fit the top three best-selling WC brands


- Device must be at least 90% clean hand effective (stops 90% of any dirt, water, etc.)


- It will maintain 100% maneuverability/controllability to turn/spin.


- Device will provide at least a 1:1 original wheel ratio (optional down/up shift gearing or 

belts).


- It will have no more than 10% power efficiency drop from original wheel motion thru 


new wheel system.


- It will incorporate brakes


- It will not “roll” if you release (let go) of it. It stays put when released on a hill.


- Control portion of device stays in upright position when released, so hand can find 


easily find it again. 

Legal


- Product will meet all current wheelchair codes and standards.


- Product design will be patentable.

Materials


- Product will preferably be made of aluminum or shock proof plastic

Weight 


- Its overall weight will be < 10lbs.

Rigidity/Vibrations


- No part will move, unless intended, by more than 1mm. No parts will wiggle.


- Natural frequency of system must be 3X greater than the highest driving frequency. (No 

resonance issues.)

Strengths


- The securing point for the device will withstand an impact of 3X the weight of a typical 


man (200lb).


- Any gearing/belting will be capable of successfully stopping a chair holding a typical 


man rolling at 3X the fastest manual wheelchair flat surface record speed within 1 

min.


- Any gearing/belting will be capable of successfully speeding up a chair holding a 


typical man from stopped to 3X the fastest manual wheelchair flat surface record 


speed within 1 min.


- The main mechanism will survive an impact on exposed areas from any direction of up 


to 3X weight of a typical man.


- Exposed areas of aesthetic plastic parts (guards, etc.) will survive 1X the weight of 


typical man.

Size and shape (envelope)


- The device adds no more than 2 inches in any axis outside existing chair envelope.


- It fits within standard building doorways.

Environment Survival


- All materials will withstand 400°F to -30°F


- All materials will withstand complete water submersion without damage or corrosion to 

any part.


- Design will not be affected by sand or dirt less than .25 inch in diameter



(This means all holes smaller than that must be completely sealed, and all holes 


bigger than that must be significantly bigger so no particles lodge in the wheels.)


- Fasteners will withstand 4X the weight of typical man in tensile loading. (If any part is 


going to fail, it’s not going to be the fasteners.)
How It Holds Up and Gets Used

Ergonomics 


- The device motion will be based on the optimal arm angle.


- The device will piggyback current wheelchair arm movements. In other words it will 


require absolutely no relearning. The user will be able to snap it on and go.


- The motion of the device will not interfere with typical wheelchair arm/body motion.


- Any hand grip point will be very comfortable, and possibly include padding.

Hand Disabled/Arthritis Accomodating


- Working it will not require sustained gripping or squeezing.


- The design will be such that it is easily adaptable to use by people w/out hands (using a 


limb cup, etc.).

Adjustability


- The angle of the device will be adjustable.


- The length of height of the device will be adjustable.


- The device will potentially double as a treadmill or arm exerciser.

Portability


- The entire system installed on a wheelchair will fit inside typical minivan storage space.


- The device will not hinder the operation of existing car wheelchair lifters or similar 


devices.

Customer Installation


- It will be simple enough for a person of basic mechanical skills to install and remove.      
- It will be installable with no more than a screwdriver and other simple tools.


- Customer assembly will take < 2 min.


- No dismantling or modification of the original wheelchair will be required.

Detachability


- It will be easily removable.


- It can be left on a folded wheelchair being transported in a car. 

Maintenance


- If anything on it breaks, it will be repairable by any local bike shop. None of the parts 


will be more complex than that.


- All components will be accessible for repair/maintenance.  (There will be no 



permanently closed areas.)


- All adhesives/fasteners will be simple enough for a local bike repair shop to find and 


buy.

Service Life


- Main internal mechanism will last 100,000 hours.


- Entire device will last 5 years, but the company’s existing warranty typically only 


covers 1 year.

Safety


- The device will not endanger fingers from rider or fingers from persons outside. It will 


not pull anything into it.


- It will not catch on any of the rider’s clothing or outside people’s clothing.


- It will not endanger people walking by. There will be no sharp or blunt swinging objects 

on it.

Other Wheelchair Accessory Interference


- It will not obstruct any other currently popular wheelchair accessories (Ex. cup holder)

How It Gets Built

Manufacturing


- It will be simply constructed and be comprised of no more than 10 separate parts.


- Shop assembly before shipping will take < 5min.


- No cutting or drilling will be required.


- Product will likely be manufactured in Asia, once initial selling goal is reached.

Procurement


- Parts will eventually be made in Asia. 

Target Production Cost


- Company cost - < $50

Quantity


- 100 a month at first

How It’s Transported and Sold

Shipping


- Product ready to ship will fit in a box < .5 cubic meters.


- The total shipment must weigh < 30lbs.

Aesthetics


- Overall, the product will blend into the original wheelchair and not overly stand out. 



This will require a simple basic color scheme.


- At least 3 different color versions of the product will be offered.

Projected Cost to End Consumers


- Retail costs < $200 (expecting a 400% markup from $50) as compared to $2000 for a 


new chair.

Market Performance Forecast


- Product has a strong niche as a less expensive option of adding the 




cleanhand/alternative drive system to existing wheelchairs. Many alternative drive 

systems exist already, but all of them require the user to buy a whole new 



wheelchair. The add-on ability is very unique and will sell 
extremely well.

Product Shelf Life (on market)


- 7 years

What Happens When It’s Days Are Over

Recyclability 


- Product is to be made of recyclable plastic or aluminum.

Disposal


- Product will easily breakdown into separate recyclable components. There will be no 


permanent glues or fasteners.

Brief Version 2 - PDS List
· Biomechanical Efficiency

· Fits Popular Chairs

· Adjustability & Comfort

· Controllability – Braking, Turning

· Environmental Survivability

· Impact Strength

· Size & Weight

· Device Attachment Point

· Customer Installation

· Safety

· Company Cost

· Appearance


Notice that biomechanical efficiency was removed from the list in version 3. This was because the wheelchair users and sponsor wanted to shift the focus of the device back onto the clean hand aspect.

Detailed External Search – Competing Solutions
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Gloves



The most popular way of solving “dirty hand” problem is wearing leather gloves while using a wheelchair. Relative to other solutions, described below, this is the cheapest and quickest solution. Wheelchair gloves are inexpensive and can be put on quickly. Another advantage of gloves is that they don’t increase weight to the wheelchair.

On other hand there are few disadvantages of using this solution. Using gloves during hot days is very unpleasing process: hands become sweaty and wet. To prevent that many wheelchair users buy half finger gloves (Picture 1), which leave half of fingers uncovered, and hand is only partially covered from potentially toxic materials on the ground. During rainy weather gloves become wet while contacting rim and wheel. Gloves are not very durable and it is necessary to buy a new pair every few months.

Hand-cycles



Another way of solving “dirty hand” problem is using hand cycle. Along with keeping user’s hands clean hand cycle allows to travel at higher speed and climb on steep hills. [image: image1.jpg]




These advantages are complemented by a multiple gear system. Some of the models have up to 27 speeds. Something the handcrank wheelchairs also have that traditional wheelchairs don’t is brakes.


The main weaknesses of hand cycles are cost, size and weight. While basic models of the manual wheelchair cost around a thousand dollars, hand cycles’ is usually above a thousand dollars. Due to its long shape, the hand cycle can become uncomfortable while using it in places with limited space like: house, class or store. Finally handcycles are usually about fifty percent heavier than typical wheelchairs.   

Electric chairs and scooters



While keeping user’s hands clean electrical chairs (Picture 4) and scoters have a long list of useful features and options. They don’t require any manual work besides pushing a button. Electric chairs’ dimensions are very similar to manual model, which makes it comfortable to use inside. Battery allows increasing traveling distance up to twenty miles per charge. Speed of electrical chair is higher than manual one. Options like horn and head light increase safety of disabled user.


Electrical chairs and scooters are very convenient and handy but not every disabled person can afford using one. The cost of an average model varies from $2500 to $3500. Another disadvantage of electric chairs is the fact that they are not foldable like manual chairs and don’t fit in to the regular sedan. It requires passenger van or a pick up to transport it. See below.

[image: image2.jpg]



Lever
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The most optimal solution we found during this research was a wheelchair accessory that uses the mechanical advantage provided by a lever to greatly enhance the user's pushing power and provide power to its built-in brakes. This accessory is available only at one company and called Wijit. 


While keeping user’s hands clean Wijit increases pushing power by 45%. Wijit allows the user to sit upright, with back support at all times, while pushing the chair forward, applying the brakes, and maintaining steering control. There is no need to buy entire wheelchair because it is currently 80% compatible with known manual wheelchair models. The Wijit has been found to add a maximum of only one inch to wheelchairs -- a nominal increase in most cases. The Wijit also only adds a total of six pounds to the weight of a wheelchair, which is easily compensated for by its added pushing power. 


However, the Wijit still has some drawbacks.  It still costs a few hundred dollars and requires the modification of the original wheelchair to install. A typical wheelchair user with basic mechanical experience and tools would not be able to install it. The internal workings are obviously inaccessible making it impossible to repair by the user or a bike shop. If anything ever went wrong it, the user would likely have to send the entire wheelchair back and pay for costly repairs. However, the basic lever design of this unit is a feature that should definitely be incorporated into our design. If the 4 different competing solutions are compared, it is obvious that the lever system is the best. (Table 1).


Strengths
Weaknesses

Results


Low cost
Compact/foldable
High speed
Long distance
Durable
Multiple speed
Expensive
Freq. replacement
Heavy
Big size
Recharge
Limit. by weather

Total Strengths
Total weaknesses
Strengths - Weaknesses

Gloves
x
x
 
 
 
 
 
x
 
 
 
x

2
1
0

Electric chair
 
 
x
x
x
x
x
 
x
 
x
 

4
3
1

Hand cycle
 
 
x
x
x
x
x
 
 
x
x
 

4
3
1

Lever
x
x
x
x
x
x
 
 
 
 
 
 

6
0
6

Table 1. Results of compared solution

Detailed External Search – Product Related Research


It’s also important to research who is using the wheelchairs. Who will be using our device? We need to get a better idea of who the users of our product would be. The characteristics of the user group might affect our PDS priorities. There are about 1.4 million wheelchair users. 75% of wheelchair users use manual wheelchairs. The wheelchair using population grows 10% per year.  We were surprised to discover that arthritis is the main reason people are in wheelchairs. We realized this was an important factor to include in design the device. 
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The arthritis problem indicated that it would be best if the default movement of our device is pushing without squeezing necessary. Squeezing and pulling would be possible for the reverse direction, but for the primary direction (forward) the default movement should be simple pushing without squeezing.


We also needed some dimensional data to design around. For example, what was the average arm reach of a disabled person? Interestingly, we looked for anthropometrics data describing the disabled population, and it was very difficult to find. In fact, we found more papers, highlighting the need for more disabled population data than actual data. We needed dimensions like arm reach to design the optimum device around.


One conclusion was prevalent from the small amount of research that has been done. It is clear that anthropometrics for the disabled population are very, very different from anthropometrics for the non-disabled population. There was also much more variability within the disabled population. These factors lead us to realizing that adjustability was an even more crucial aspect of our design, and that we would need to put adjustability at the forefront of our priorities. It also made us realize that we could not design around or test the devices with non-disabled people. All testing would need to be done with individuals from the disabled population.


We were interested in what proof there was that alternative propulsion design are better.

An experiment was done in India with 17 disabled individuals comparing the hand-rim and hand-crank propulsion methods. The results were striking.
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It was clear that alternative propulsion methods are vastly superior to the hand-crank methods, and reason why lead us to another important discovery. The two biggest factors that made the alternative propulsion method so much better were: 1 – the alternative propulsion is more efficient biomechanical and 2 – the alternative propulsion is asynchronous (one arm is pushing while the other is coming back as versus both, pushing or pulling.)It became clear that our design should encourage asynchronous movement and be as biomechanical efficient as possible. 

Detailed External Search – Design Methods


Finally, it was necessary to find a way to compare the biomechanical efficiency of different designs. A very interesting research paper was done that looks at the “Mechanical Energy & Power Flow in Wheelchair Propulsion Methods.” This paper lays out an ingenious technique of focusing on the changes in potential and kinetic energy of each part of the arm as they propel the wheelchair. The hand, lower arm, and upper arm are each considered a separate rigid body. This method is elegantly simple and could be employed in Working Model. We will use similar technique in Working Model to analyze the efficiency of our designs.

Arm Motion in Work Model Type Program
Energy Change during Propulsion Cycle

[image: image39.jpg]


[image: image40.jpg]



Detailed External Search - Similar Design Work


A few websites were discovered which included images of similar wheelchair device design going on at other colleges. Although there was little detail, the images will prove valuable. The basic orientation, construction, and material selection in the designs will be useful in the final design stages of this device.
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Detailed Internal Search

Rowing Handle


Rowing handle (or Grabber) is a very simple device designed to fit on an existing manual wheelchair.  It incorporates brakes and a counter balance system which conveniently keeps the handle upright. Hand motion for the operator is similar to an ordinary manual wheelchair. Rowing handle is operated by grabbing the handle and pulling it inward. The device would be free to rotate, but it would stay vertical because of the counter balance system. Brakes would work by pulling the handles horizontally inward as well. When the user wanted to move or stop, he/she would brake in the same manner that he would move. The handles are just pressed inward onto the wheel. This device is operated in a similar way as rowing the boat. It is very simple and would consist of very few parts. This device would be easy for the user to install by herself.

Shark Fin


[image: image3]
Shark fin would be an add-on system to an existing manual wheelchair. It would incorporate some kind of circular pinion gear in the lever that would rotate the wheel. A cam might also be used. It would likely be fixed to the front or back of the wheelchair. 
Hub Cap
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Hub Cap would be a ratcheting lever system for a manual wheelchair.  It is designed to allow expansion of the handle, gears, and gear switch which make it possible for keeping user’s hands clean and easier to operate. Also, the gear switch makes user possible to change direction, forward and back. A multiple gear system might also be incorporated into this system. This mechanism is similar to the ratchet. 
Train Slot
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Train Slot is an add-on system for an existing manual wheelchair.  It is designed to allow for expansion of the handle and a connection slot which make it possible for keeping user’s hands clean. Hand motion for the operator is the same as an ordinary manual. The slot on the handle translates rowing motion into the upside down motion.

Clamp 


Clamp is similar to rowing handle, except that the hand rim would be grabbed instead of pressing against the wheel. The upright position would probably be maintained via some spring or counterbalance system. Overall this device would be very simple and resemble the brakes on a bike. It would be very simple for a user to install, and would require no relearning to use. The device would stay in position by rolling on the top of the hand rim. It would probably be fixed to the axle of the wheel or to a larger disc fixed inside the hand rim.

Double Wheel



Double wheel is an add-on to the existing chair that relies on a belt or gearing mechanism to propel the main chair wheel. The second wheel would be pulled or pushed in the same manner of the original hand wheel. The double wheel design has the advantage of being simple and possibly allowing for extra gearing. 


The Double wheel design would also not snag on clothing as other lever designs might. It would consist of a few simple parts, but it might be difficult for the user to install herself. Finally, it would blend into the circular feel of the wheelchair.

Windshield Wiper

Windshield wiper will fit on the front of the wheelchair.  It’s handle will extend farther out in front of the wheelchair for more natural arm movement. It would operate in a manner similar to a windshield wiper. A 4-bar linkage possible with springs, cams, or a ratcheting system would translate the horizontal pulling or pushing motion into rotary motion in the wheels. Hand motion to operate this device would primarily be front to back, but it could be asynchronous and possibly curved. The entire linkage would probably be covered in some kind of appealing plastic housing.

Detailed Concept Evaluation


The matrix method was used as an elimination method to choose the final concept design based on the PDS criteria. A scale of 0 – 5 was used to rate each of the criteria for each of the conceptual designs. Table 1 lists the results of the matrix method.

Table 1: Decision Matrix
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Grabber

Shark Fin

Double Wheel

Hab Cap

Clamp

Train Slot

Wiper

Biomechanical Efficiency

4

2

0

4

4

5

5

Fits Popular Chairs

4

2

1

2

5

1

4

Adjustability and Comfort

4

2

2

5

4

5

4

Controllability - Indoors and Outdoors

5

1

4

1

5

1

1

Environmental Survivability

3

5

3

5

3

5

5

Impact Strength

3

4

2

3

2

4

4

Size and Weight

5

2

1

2

4

1

1

Position of Device

5

1

5

3

5

1

1

Customer Installation

5

2

1

2

4

0

1

Safety

4

2

4

3

4

3

2

Company Cost

4

2

1

2

4

1

3

Appearance

5

2

5

4

3

1

1

Average

4.3

2.3

2.4

3.0

3.9

2.3

2.7

Conceptual Designs


As you can see in Table 1, each of the designs has strengths and weaknesses. Table 2 lists the strengths and weaknesses of each design.

Table 2: Strengths and Weaknesses of each Design
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Strengths

Weaknesses

Grabber

Controllability, Size and Weight, Position of 

Device, Customer Installation, Appearance

Environmental Survivability, Impact Strength

Shark Fin

Environmental Survivability, Impact Strength

All other criteria

Double Wheel

Controllability, Postion of Device, Safety, 

Appearance

All other criteria

Hub Cap

Biomechanical Efficiency, Adjustability and 

Comfort, Environmental Survivability, Appearance

Fits Popular Chairs, Controllability, Size and 

Weight, Customer Installation, Company Cost

Clamp

Biomechanical Efficiency, Fits Popular Chairs, 

Adjustability and Comfort, Controllability, Size and 

Weight, Position of Device, Customer Installation, 

Safety, Company Cost

Impact Strength

Train Slot

Biomechanical Efficiency, Adjustability and 

Comfort, Impact Strength

Fits Popular Chairs, Controllability, Size and 

Weight, Position of Device, Customer Installation, 

Company Cost, Appearance

Wiper

Biomechanical Efficiency, Fits Popular Chairs, 

Adjustability and Comfort, Enviromental 

Survivability, Impact Strength

All other criteria


As you can see from Table 1, the rowing handle received the highest average score of 4.3. But, from Table 2 you can see that the clamp has the most strengths and least weaknesses. From Table 1 the clamp has a score of 3.9, which is very close to the rowing handle. These two designs are very similar, therefore; the final design concept may be a combination of each concept. The differences in strengths between the rowing handle and the clamp are that the rowing handle may not fit as many wheelchairs as the clamp, and may not be as adjustable, safe, efficient, and cost effective. The only difference in their weaknesses is their environmental survivability. They are both weak in their impact strength.  As a result of the decision matrix, the rowing handle and the clamp concepts were selected to be the focus for designing the final concept.
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