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ABSTRACT 
 It is difficult for handicapped persons in wheelchairs to do many daily activities that 
most of the population take for granted.  One specific example is simply going to a doctor’s 
office for an examination and getting onto the exam table.  A caregiver must assist the 
wheelchair user in moving from the wheelchair to the exam table, which causes a great deal 
of physical stress on both people.  The prototype discussed in this report is a wheelchair that 
directly converts into the exam table, thus eliminating the need for the physical transfer.  
Personal experience, interviewing, and surveying were three methods used to reach potential 
clients.  The information gathered by these methods established a need for a convertible 
wheelchair and provided the information for analysis through Quality Function Deployment 
(QFD).  A QFD matrix created highest technical important to the customer in three areas: 
number of operators, smoothness of conversion, and force of conversion.   
 
 This report defines each step in the design of the prototype all the way from the 
problem to the performance of the working prototype.  The main focus during this process 
was to address the most critical customer issue and create a wheelchair that converts with 
only one action to be performed.  Testing of the product proved that all six of the design 
goals were met.  The convertible wheelchair is easy to convert by one operator and produces 
a reclined position that reasonably replicates a typical examination table.  Conversion is 
made simple by the use of a hand pump that both lifts and reclines the wheelchair into a 
position that approximates the general shape of an exam table found in most doctors’ offices. 
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INTRODUCTION 
 

It is critical in today’s world to receive proper health care.  For a large population of 
individuals, this is a problem because they are confined to wheelchairs.  Whether the 
handicapped person can help him or her self a great deal or not at all, healthcare can suffer 
simply because of the position that they must spend most of their waking hours in – sitting.  
Many doctors will not place a handicapped patient onto an exam table because of legal 
liabilities.  This problem may seem as though it solely belongs to the person sitting in the 
wheelchair, but it does not.  The problem is shared with those who assist the handicapped 
person as well. 
 

CLIENT PROFILE 
 
 There are two types of clients referred to in this report, the user and the operator.  
The user is the person who is sitting in the wheelchair and therefore “uses” it for daily 
activities.  The operator is the person who is assisting the user with activities he or she may 
not be able to accomplish alone.  Examples of operators would be nurses, doctors or 
caregivers. 
 
 The convertible wheelchair described in this report was not designed for a paralyzed 
person but for an individual that has movement ability.  The movement can range from 
needing assistance in sitting up with a good range of movement in that position to being able 
to walk with assistance but using a wheelchair to make daily life easier.  More specific 
categories of ranges of movement are presented on the survey tool located in Appendix A. 
 

PROBLEM 
 

The main problem that this report addresses is decreased mobility that gets in the way 
of doctor’s examinations.  There are several elements to this problem that are primarily based 
off the user.  The following problem elements were drawn from 1 ½ years of participant 
observation.  Some of the elements are more important than others but they all break the 
“decreased mobility” statement down further.   

 
The user most likely has a limited range of movement, which makes it difficult to get 

onto the exam table.  This means that the user must be examined in a sitting position, which 
may be fine; but in many cases, it is necessary to be examined in a horizontal position for at 
least a portion of the exam.  Usually, the operator must physically lift the user onto the exam 
table.  This causes a lot of physical stress on both the user and the operator.  In many cases, 
the doctor simply examines the patient right in the wheelchair because of liabilities involved 
in a possible accident leading to injury of the user or the operator.  Little has been done to try 
to solve any of these problem elements.  Currently, there is only one solution.  The problem 
is not directly addressed and only specific users can benefit from it. 
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CURRENT SOLUTIONS 

Many adjustments have been made to wheelchairs in an attempt to make them more 
functional and comfortable.  Currently, the only available chair that “converts” in one motion 
is a lazy boy-type chair with four legs that sits on four very small wheels called a Gerri-chair.  
These chairs are used primarily inside nursing homes and hospitals.  In discussions with four 
nurses in the field representing a total of approximately 50 years in the field, it was 
discovered that this type of chair is never used to transport a patient outside of the building.  
It is considered a restraint that enables certain types of people to get out of bed for a change 
in position and scenery. In most cases, a tray or foam block is placed in front of the patient 
and locked down so that the patient cannot move from the chair.  The restraint aspect is a 
method of protection for elderly or mentally challenged individuals who may try to get up 
when it is not physically possible for them, resulting in personal injury.  The wheels on these 
chairs are very small and would be prone to obstacles such as cracks in the sidewalk.  Also, 
since the wheels are so small, there is no space inside the wheel for a lockdown unit to fit 
through in a van or bus. The following figures show the two positions of the Gerri-chair. 

 

 

Figure 1: Upright Position  Figure 2: Reclined Position 
 
Notice that even in the reclined position, the chair simply tilts back keeping the same basic 
shape of a 90° seat.  The wheel size and shape along with the shape of the reclined Gerri-
chair seat are major drawbacks to the current solution.  The basic idea of this chair is good 
however, and some design changes and reconstruction can produce a wheelchair that would 
recline in one motion as well as allow the user to ride in wheelchair accessible vehicles and 
propel the chair in the typical fashion. 
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PROPOSED SOLUTION 
 

The proposed solution is a redesign of a conventional wheelchair that addresses the 
problems previously discussed.  Wheelchair conversion that does not require the user to leave 
the chair addresses all of the problem elements.  Conversion that requires no more than one 
operator increases the effectiveness of the exam by allowing the user independence.  The 
doctor becomes the operator for a patient who can travel alone.  The backrest and the footrest 
of the wheelchair adjust to a horizontal position.  This eliminates the reduced effectiveness of 
the exam by placing the user in the proper horizontal position for a thorough examination.  
The fact that the wheelchair converts with reasonable forces exerted by a human is an 
additional way that the stress is reduced on the operator.  And finally, if the doctor happens 
to be the operator, the height adjustment incorporated into the conversion also decreases 
stress on the operator.  The design of this proposed solution was based off of some chosen 
standards. 
 

DESIGN STANDARDS 
 
 Design standards could have very easily consumed this entire project.  For reasons 
such as time limitations, the following items were the standards most focused on during the 
design process.  Many of the eliminated standards were testing methods.  Testing was created 
individually to this project and will be discussed later in the report. 
 

There are many standards for the design of wheelchairs.  The most significant source 
is the web site for Rehabilitation Engineering and Assistive Technology Society of North 
America (RESNA) [1].  Specifically, RESNA has an entire directory on the standards of 
wheelchairs.  This also has many sub-divisions.  There are the basic standards such as the 
general shape, standards on wheelchairs used as seating in motor vehicles, and SAE restraint 
standards.  This sight has proven to be a very valuable resource tool throughout the design 
process. 
 

Human factors were essential to the design process as well.  They determined the 
overall size of the individual components and also the size of the structures making up any 
part that would have to support a load.  The prototype was designed for up to a 99-percentile 
male weighing 244 pounds and standing 75.6 inches [2, pg. 11].  Applying the following 
table to the weight of 244 pounds determined the maximum forces on each part of the chair 
[3, pg. 549]. 
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 % of Total Weight 
Head 6.9 
Trunk and neck 46.1 
Upper arms 6.6 
Lower arms 4.2 
Hands 1.7 
Upper legs 21.5 
Lower legs 9.6 
Feet 3.4 

Figure 3: Body parts’ total weight 
 
Additional standards were demonstrated by the method of choosing parts and fabrication.  
This will be discussed later in the report. 
 

MEASURABLE OBJECTIVES 
 Six measurable objectives were considered throughout the design process of the 
prototype.  The problem elements combined with the proposed solution elements lead to the 
quantifiable objectives.  The number of operators is important because there would not be a 
group of people always able to assist the user for an exam.  The time of the conversion is 
important because a doctor has many patients to examine.  The force of the conversion must 
be low enough for a typical human being to easily perform the conversion.  The position of 
the reclined chair is important because it must somewhat mimic the shape of an exam table.  
The height of the chair in the reclined position is an added benefit for the comfort of the 
doctor. And the satisfaction of the operators must be good enough for the prototype to be 
worthwhile. 
  

These measurable objectives were combined to produce proof that the prototype met 
all of the specified objectives.  The document that demonstrates this is called the Proof of 
Design contract and is located in Appendix A. 
 

SCOPE OF REPORT AND PROJECT 
 
 The sections of this final report discuss each portion of the design process in detail 
from the development of initial alternative concepts through construction and testing of the 
finished prototype.  Customer design issues define the individuals that would potentially 
come into contact with the product as well as determine the elements that drive the design.  
Three alternative design concepts were produced from customer input with the actual 
customer research data eliminating two of them.  This concept was then divided into three 
key design elements.  Each of the sub-systems was designed in detail using engineering 
expertise as well as product development guidelines to make the best possible product.  
Fabrication and testing of the prototype lead to several recommendations. 
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MANAGEMENT 
 
 Successful management of this project depended on continual revisions of the 
schedule and budget and weekly reports to the project advisor.  The process spanned the 
months of September through May with constant balancing of all of the elements such as 
time, assistance, and money.  No changes were made to the design objectives to adjust for the 
cost since the customer base did not recognize cost as an important issue in the production of 
this product.  Details of the schedule and budget are provided in Appendix B. 
 
 

CUSTOMER DESIGN ISSUES 
 
 The main customer focus of this project was placed on the operator.  This is primarily 
due to participant observation.  Toward Independence Inc. is a company that provides group 
home or independent living opportunities to adults who are mentally challenged and/or 
developmentally disabled.  In working with a wheelchair bound resident for about a year and 
a half, first hand experience has been provided that demonstrates the need for this type of 
device.  The following equality simplifies the relationship between the customer and the 
individuals who may come into contact with the convertible wheelchair. 
 

Customer = Operator 
 

DATA COLLECTION 
 
 The most valuable data that was collected was from first hand experience and direct 
interviewing of hospital, group home and nursing home personnel.  About ten individuals 
who work at Mercy Franciscan of Western Hills were willing to give the time and effort in 
assessing the need for a convertible wheelchair as well as some important suggestions for 
making the design easy to use for the technologically challenged.   
 
 A survey tool was used to provide concrete data for use in analyzing customer 
information by allowing the needs to be quantified.  This survey first allowed the respondent 
to identify him or herself by occupation or as a wheelchair user.  It then profiled the user into 
four categories that range from some one who can walk but uses a wheelchair to make daily 
life easier to some one who cannot walk at all but still has a good range of movement in a 
sitting position.  The first question asked the respondent if he or she had ever encountered a 
person that needed to be moved from a wheelchair to and exam table.  This revealed whether 
or not the respondent had first hand experience in what the survey is exploring.  The next 
question asked if the user fell into a range of weights and heights.  This told if the user is an 
adult of typical proportions but also allowed for explanation if not.  The following question 
listed seven items and asked that they be placed into an order of importance to the 
respondent.  These items included cost, appearance, sturdiness, easiness to maintain, ease of 
conversion, safety, and simplicity.  This ordering placed a generic customer importance on 
each of the customer wants.  Finally, the respondent was asked if a converting wheelchair 
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would be useful in his or her workplace.  This established the desire to use such a product.  
The complete survey tool is provided in Appendix A. 
 

The survey was distributed at Mercy of Western Hills and at the Tehan House of 
Toward Independence Inc.  Fifteen of the distributed surveys were completed and returned.  
Mostly nurses, caregivers, and techs completed them.  From the data obtained through these 
surveys, many of the respondents had encountered a person who needed to be moved from a 
wheelchair to an exam table and most of the users fell into the range of typical adult 
proportions.  The exceptions were statements that some adults are overweight and therefore 
were not within the range.  Also, most respondents confirmed the original proposal that there 
is a need for a convertible wheelchair.  Complete data results are listed in Appendix A. 
 

DATA ANALYSIS: QUALITY FUNCTION DEPLOYMENT (QFD) 
 
 Analysis of the survey and interview results was done with a QFD matrix.  A QFD 
matrix or House of Quality is a tool that allows the customer requirements, obtained through 
research and surveying, to be translated into engineering characteristics of the product [4, pg. 
69].  All elements of the product definition are organized graphically.  The customer 
requirements, or Whats, were obtained through personal experience and interviews with 
professionals who would use such a product.  They are the seven items placed in order in 
survey question number four and additional items such as stress level on the wheelchair user.  
The engineering characteristics, or Hows, enable satisfaction of the Whats.  A relationship 
was made between these two and a competitive assessment was done to obtain an importance 
rating.  Complete analysis of the information provides the House of Quality that is provided 
in Appendix A.  The research reveals the highest technical importance to be in number of 
operators, smoothness of conversion, and force to convert the chair (in that order).  With the 
customer issues assessed, the focus became the design.  Using the customer research, the 
creation of alternative concepts and selection of the best one was easily accomplished. 
 
 

DESIGN SOLUTION 

THREE ALTERNATIVE CONCEPTS 
 

The process of developing alternative concepts to solve a problem that is not yet 
solved directly involves the use of invention.  Of the seven classifications of inventions, three 
categories were looked into and their concepts were used to create three alternative design 
configurations for a convertible wheelchair [4, pg. 155-6]. 

Labor-Saving Concept 
Longer Base Style – Two additional small wheels will be added to the base of the structure to 
provide a longer base, which will be steadier.  With a longer base, the conversion will not 
require shifting of the entire structure to prevent tipping.  The two additional wheels will be 
functioning and will always touch the ground so no rotation occurs as with anti-tippers.  This 
structure does not create any labor for the operator.  A great amount of effort is saved since 
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originally, the operator had to physically lift and move the person from the wheelchair to the 
exam table. 

The Simple or Multiple Combination 
Scissor Lift Style – Each part of the chair that has to move to create a “bed” will be moved 
separately.  For instance, the backrest will move independently of the footrest and the arms 
(and whatever other components move in the conversion).  The height adjustment will be 
done by a cylinder operating on a scissor lift structure under the base of the seat.  Since 
wheelchairs already exist with reclining backrests or adjustable footrests, the combination of 
those inventions with the also existing invention of the scissor lift will combine two existing 
inventions to provide a new and improved result. 

Adaptation of an Old Principle to an Old Problem to Achieve a New Result 
Recline Style – All of the structure of the chair will move together in one fluid motion to 
move the chair to a horizontal position.  Height adjustments may or may not be part of this 
motion; raising and lowering of the seat base may be a separate operation.  The need for this 
type of wheelchair has been in existence for some time, and the principle that is key to the 
solution has also been in existence.  Reclining chairs provide a well-engineered concept that 
already solves the reclining issue of the convertible wheelchair.  An additional solution to 
solve the height problem that works together with the reclining action can achieve the useful 
result. 
 
 The above three concepts all provide new and different ways of achieving the result 
of a wheelchair that converts into an exam table.  Selection of the best alternative was done 
by utilizing Pugh’s Concept Selection Method. 
 

SELECTION OF PREFERRED DESIGN 

The Pugh concept selection process was used to decide on the most promising design 
concept of the three that were previously described [4, pg. 184-7].  This method compares 
each competing concept to a datum concept, which is physically picking up the user and 
moving him or her from the wheelchair to the exam table.  A number of criteria determined 
whether each concept was better than, poorer than, or about the same as the datum.  The 
criteria used were essentially the items listed in survey question number 4 as well as an 
additional criterion taking into account user stress.  The following figure shows the 
completed process. 
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Criterion Recline 

Style 
Scissor 
Style 

Wider Base 
Style 

Physically 
moving patient 

Sturdy + + + D 
Easy to maintain S S S  
Easy to convert + S S A 
Simple to use + + +  
Affordable - - - T 
Appearance + + +  
Safe to use + + + U 
Less stress on 
patient 

+ + +  
M 

Σ+ 6 5 5  
Σ- 1 1 1  
ΣS 1 2 2  

Figure 4: Pugh’s Concept Selection Method 
 

With a new concept and a datum that is far from ideal, it is expected that the concepts 
would provide similar results.  Naturally, comparing a new design idea to a design that does 
not exist results in large improvements.  In looking at the results of the selection process, the 
Recline Style concept proved most beneficial.   
 

Since the results of the selection process were so close, additional research was done 
to back them up.  Among many employees at Mercy Franciscan of Western Hills, the 
greatest desire was to have only one action to convert the wheelchair.  This is only possible 
with the recline concept so the decision became final to make this the preferred design 
concept and this request became the focus of the design. 
 

KEY DESIGN ELEMENTS 
 
 The following figure is a photograph of the prototype at near completion.  The design 
process was broken up into three key elements; the frame, the linkage that provides the 
reclining motion, and the hydraulics, which drive the entire system. 
 

The design process began with determining whether or not the frame would have to 
shift in order to account for the change in center of gravity from one position to the other.  
The 99-percentile male was used, since all dimensions would be largest, to determine that the 
maximum shift in center of gravity was only approximately 1.7 inches [2, pg. 11-12].  The 
calculation was done using simple right triangle geometry.  This very minor shift was not 
enough to set the wheelchair into rotation while reclining so a solid frame was designed. 
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e

hydraulics 

linkage 

Figure 5: Assembled Prototype 
 
 

Frame 
 

The standard wheelchair frame had to be adjusted to allow for individual components 
such as the backrest and footrest to move.  The option for the doctor to raise the seat to a 
more comfortable height did not allow for this wheelchair to be collapsible.  Pictured here is 
the frame with no other components on it for simplicity. 

e

lift supports 

guide bars 
m

Figure 6: Frame 
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As you may see, the footrest is not shown on this figure.  Since the chair rests low to 
the ground, the footrest cannot simply hinge open to a horizontal position and be long enough 
to support a reasonable length of the user’s legs.  For this reason, the footrest is attached to 
the reclining mechanism that not only moves it up but also outward to provide more length to 
the reclined exam table.  This will become more apparent in the discussion of the reclining 
linkage. 
 

The chosen structure for the frame was 7/8 inch, chrome plated, steel tubing.  This is 
a standard taken from two wheelchairs that were donated to the project.  The frame changed 
shape many times throughout the design process as more was discovered.  The research of 
center of gravity showed that there was no need to shift the frame during conversion but as 
more wheelchairs with reclining backs were used as references, it was discovered that the 
back wheels were offset to the back of the frame.  This design feature was replicated mostly 
for peace of mind of the designer since the calculations did not prove it necessary.   

 
Critical calculations done on the frame were static loading on each of the members.  

The largest force was created by adding the weight of the 99-percentile male to the weight of 
the seat base and any other components that would attach to it.  This force was then applied 
to all critical members paying special attention to the lift supports that would bear most of the 
load.  A factor of safety of 2 was used on top of always using the greatest possible force, no 
matter where it would be occurring on the frame.  The most critical calculations, for the lift 
supports, are located in Appendix C.   

 

Reclining Mechanism 
 

The mechanism used for reclining the wheelchair is a complicated linkage containing 
nine links (including the backrest and footrest).  The general layout for the footrest portion of 
the system was obtained from a Lazy Boy recliner.  The system was created in Working 
Model and the dimensions were changed until the desired span and angle of the footrest were 
obtained.   
 

The process was not as simple however for the backrest.  Many different sized links 
were tested with twice as many pivot points along the backrest link with no success.  Slots 
then replaced the pivot points also with no success.  It was a suggestion from another student 
to extend the backrest link downward, under the seat of the wheelchair.  This suggestion was 
taken and with several hours of testing and calculations, ideal results were obtained.  In the 
upright position, the backrest sits approximately 12° off of the vertical and the footrest sits at 
approximately 28° off of the vertical.  In the reclined position, the backrest sits 
approximately 26° off of the horizontal and the footrest sits at approximately 14° off of the 
horizontal.  The following figures show this more clearly.  
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ise, forces of the lower legs and feet were resolved into one 
These maximum human forces were applied to the backrest and 
 the resulting forces were generated at each of the pivot points.  
th the upright and reclined positions as well as two more 

 chair.  These calculations are provided in Appendix C.  Also, as 
stem were discovered, stress analysis allowed for the design of 
tions for these rods are also provided in Appendix C. 

 Working Model was a very useful tool in the analysis of this 
ulation was done to obtain the maximum forces.  The pivot at the 
ed at ground to the frame to lock the system in place and 
um forces were applied and the resulting forces were obtained 
Printouts of this step at each of the four positions are located in 
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Tension and compression in the links proved to be the least 
5206.  Brass, semi-tubular, ¼ in rivets were chosen for the pivot 
ress in the pins is 19,884.  Finally, bearing stress was considered 
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where the pins acted upon the holes in the links.  The maximum stress in this case was 
20,640 psi.  Calculations of all of these stresses are provided in Appendix C.   

 
 
Hydraulic System 

 
A single speed hydraulic hand pump and two pneumatic cylinders fitted with special 

seals to operate at low hydraulic pressure were chosen to lift and recline the wheelchair.  The 
maximum operating pressure is 162 psi.  Both cylinders do not operate at the same time, 
rather the reclining motion is completed first and then the chair lifts to a maximum of five 
inches, until the desired position is reached.  The hand pump displaces 0.160 in3 of oil per 
stroke of the handle and has a usable oil capacity of 20.3 in3.  Both of the cylinders are 1.5 in 
bore and 5 in stroke.  The calculations for these determinations as well as the vendor 
specification sheets are located in Appendix C.  Here is a very basic diagram of the 
hydraulics setup.  Valves are not shown as they are contained in the pump. 
 

 

Figure 9: Hydraulics Schematic 
 
 Safety for the system is considered by the identification of the maximum operating 
pressures of the purchased components.  The maximum operating pressure of the hand pump 
is 3000 psi and the maximum operating pressure of the cylinders is 250 psi.  This provides a 
safe working range up to 250 psi and since 162 is well below this, the system is safe.  Testing 
to prove this was done by increasing the pressure.  The only result was a slow leak of 
hydraulic fluid from the lift cylinder.  The worst possibility is a slow retraction back to the 
upright position. 
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PRODUCT DEVELOPMENT 
 

DESIGN FOR ASSEMBLY 
 

The cost of assembly is determined by the number of parts in the assembly and the 
ease with which the parts can be handled and inserted [4, pg. 401].  Reduction of the number 
of parts was not possible in the complex linkage but reduction of the number of types of parts 
was very possible.  This was the reason for using only the largest force for the stress 
calculations.  The maximum stresses provided the largest or most stable structures for the 
worst case but that also means that they will not fail under smaller loads.  The result is a 
number of links and pins that are over designed but it is more cost effective in assembly to 
have only one diameter pin and one cross section of link. 

 

DESIGN FOR MANUFACTURE 
 
DFM guidelines were also followed in the design process.  The following guidelines helped 
to narrow the range of possibilities so that the details of the design became more manageable 
[4, pg. 399-400].  Here are the guidelines that were used, however, not all of them were able 
to be utilized. 

1 .  Minimize total number of parts: Though fewer parts result in some savings, sometimes 
the design process does not allow for this to occur.  During the design of this prototype, 
additional parts were actually added.  The original concept called for one cylinder/pump 
combination piece.  Research revealed that this was not available in the size needed so a 
pump, two cylinders, and hydraulic tubing had to be used instead. 

2 .  Standardize components: Many commercially available parts were utilized in this 
design.  The reliability of these parts is already established and therefore the overall 
product will be of better quality.  Commercially available parts include the hydraulic 
components previously discussed as well as salvaged components of broken wheelchairs 
such as brakes, wheels, bearings, footrests, armrests and seats. 

3 .  Use common parts across product lines: Parts that are used for more than one product 
in a company also save money.  This was the reason for choosing 7/8” stainless steel 
tubing for the frame.  It is used on many wheelchairs and since a wheelchair 
manufacturer will be producing this product, the item is most likely already available 
within the plant. 

4 .  Design parts to be multifunctional: The backrest of the wheelchair is not only a 
structure for support, but also a link within the reclining system.  The same is true for the 
footrest. 

5 .  Design parts for ease of fabrication: The links of the reclining mechanism were 
designed with this intention.  A simple commercially available structure only needs to be 
cut, the corners rounded, and holes drilled.  No special radii are required. 
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6 .  Avoid too tight tolerances: All tolerances are placed at 1/16”. 

7 .  Avoid secondary operations: Since chrome plated steel is corrosion resistant, there is 
no need for finishing or painting the structure when complete.  (Though the prototype 
was painted for appearance at Tech Expo) 

8 .  Utilize the special characteristics of processes: This is also done by utilizing the 
corrosion resistance of the chrome plated steel. 

 

 

FABRICATION 
 
 All of the materials for fabrication of the prototype were either purchased or donated.  
Toward Independence Inc. donated two broken wheelchairs.  These two chairs were taken 
apart so that nearly every part could be reused to save money.  The chrome plated frame was 
cut up into the correct sizes for the redesigned frame and welded together in the North Lab 
welding shop by the TIG process.  The welding was a difficult process since the material was 
chrome plated.  The expertise of Dan Lintz and David Conrad allowed the task to be 
completed with much success. 
 
 The material for the linkage is rectangular steel bar purchased from American Metal 
Supply.  The links were manufactured in the North Lab machine shop and assembled with 
brass rivets purchased from McMaster Carr.  The metal for the links was cut on the gravity 
feed band saw.  The holes were drilled on a standard drill press and the corners were rounded 
on a grinding wheel.  The rivets were deformed using the “brute-force” technique with a ball 
peen hammer.   
 
 The purchased Power Team hand pump runs the hydraulic cylinders that were 
donated to the College of Applied Science by Parker.  Conrad farms loaned fittings and hoses 
to the project.  The hydraulic system was assembled and bled in the machine shop with the 
help of David Conrad. 

 
TESTING AND RESULTS 

 
 A combination of testing and six elements were used to prove the design of the 
prototype.  The six design elements that were tested are the number of operators, the time of 
the conversion, the force of the conversion, the position of the reclined chair, the height of 
the reclined chair, and the satisfaction of the operator.  These items are address as well in the 
Proof of Design agreement located in Appendix A.   
 
 Ten potential operators were allowed to use the wheelchair to demonstrate that three 
of these items were achieved.  The action of converting the wheelchair by any of these 
potential operators proved that only one operator was required.  The time of the conversion 
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was also recorded during the conversions done by these ten operators.  This showed that it 
only takes approximately one minute to convert the wheelchair.  An original target time of 
four minutes was much larger because of the small oil displacement of the pump.  Also, the 
same ten operators determined the satisfaction of the operators in general.  A short survey 
was given to the operators rating their satisfaction in three areas: sturdiness, simplicity, and 
ease of conversion.  Each of these items were rated on a scale of 1-3 with 3 being most 
satisfied.  The end result was a satisfaction rating of 2.6 which fell within the goal of 2 to 3. 
 

A spring scale used between the operator and the hand pump several times revealed 
that the maximum force of conversion is only about ½ lb.  The target value was much larger 
at 40 lb because the force could not be calculated from the specifications of the system.  The 
40 lb value was taken from an ergonomic standard for a lever in the position that the pump 
lever lies at. 

 
Twenty consecutive conversions of the wheelchair demonstrated that the remaining 

two elements were achieved.  Measurements of the position of the backrest and footrest after 
these twenty conversions gave an average value of 26° off of the horizontal, which is below 
the target value of 30°.  During the same twenty consecutive conversions, measurements of 
the height of the seat provided an average value of 24.5 in above the ground which is greater 
than the target value of 22 in.  The following figure summarizes the results. 
 
 Target Result 
Number of operators 1 1 
Time of conversion (min) <4 1 
Force of conversion (lb) <40 0.5 
Position of reclined chair (°) <30 26 
Height of reclined chair (in) >22 24.5 
Satisfaction of operators (1-3) 2-3 2.6 

Figure 10: Proof of Design Summary 
 
 
 The following pictures show the two extreme positions of the wheelchair with the 
user in it.  The wheelchair can also rest in any position along the motion path to provide the 
user with the added benefit of changes in sitting positions throughout the day.  In addition, 
the height of the seat from the ground can range from 21 in all the way to 26 in.  The reason 
for the resulting height of 24.5 in is the simple fact of that being the average height that the 
operators stopped at.   
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Figure 11: Prototype in upright position Figure 12: Prototype in reclined position 
 
 

CONCLUSIONS 
 
 The prototype achieved many accomplishments.  Specifically, it met all six of the 
design goals.  It provides all motion with only one action as requested by the customers.  It 
allows the user to receive a proper examination in the correct position.  And it greatly 
reduces physical stress on all parties involved.  All of these are accomplished while sill 
allowing the user to propel the wheelchair like any typical wheelchair, by the wheels. 
 
 
 
 
 

RECOMMENDATIONS 
 
 Challenges encountered in the construction of the prototype offered several 
recommendations.  Further advancement of the design should allow for it to be collapsible.  
This would allow those without wheelchair accessible vehicles to use it as well and expand 
the client base.  The brakes used on this prototype were not adapted for it.  They were used 
from one of the two donated chairs and not placed in a position easy to utilize by the user.  A 
possible different location or modified brake could make the brakes easier for the user to 
access.  Also, the method for lifting the seat could be improved.  A lot of deformities were 
created within the frame from the welding process and they interfered with the smooth 
passing of the guide bars.  Different guides that would not encounter the welds at all or 
simply a mechanical lift such as a scissor could create smoother motion.  Though these 
recommendations could greatly improve the prototype, the operation of it is not at all 
hindered by the lack of any of these suggestions. 
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Survey for a Wheelchair 
 
 
This survey is designed to gather information from people who use wheelchairs or those who 
assist those bound to wheelchairs.  The wheelchair user must have some level of mobility. 
 
Respondent Profile 
 
You are a 
 
 doctor   caregiver   wheelchair user 
 
 nurse   tech     aid 
 
User Profile 
 
Describe the mobility of the wheelchair user 
 
___ Difficult to walk (user can walk but uses a wheelchair to make daily life easier) 
 
___ Can bear own body weight (user can perhaps walk short distances with some assistance 
but cannot live without a wheelchair) 
 
___ Much movement (user cannot stand without assistance and cannot walk but can function 
normally in a sitting position) 
 
___ Some movement (user needs assistance to sit up but still has a good range of movement 
– can perform basic life activities in a sitting position) 
 
___ Other _______________________________________________________________ 
 
________________________________________________________________________ 

 
1. Have you ever encountered a wheelchair bound person who needs to be moved to a 

horizontal position for an office visit?   
 

Yes    No  
 
2. If yes, please describe instances. 
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3. Do the users you described in #2 fall within these limits? 

Height: 5’0”-6’3” 
Weight: 90-280 lb 
 
  Yes    No 

 
If no, please explain. 
 
 
 
 
 
4. Please prioritize these items that may be important to ANY wheelchair design (1 being 

most important). 
 

___ Cost      ___ Easy to convert 
 

___ Appearance     ___ Safe to use 
 

___ Sturdy      ___ Simple to use 
 

___ Easy to maintain    ___ Other _____________________ 
 
 
5. Would a wheelchair that converts to place the patient in a horizontal position be useful in 

your workplace? 
 

Yes    No 
 
6. May I contact you regarding this survey? 
 

Yes    No 
 
 
 Name _________________________________________ 
 
 Address ________________________________________ 
 
 Phone(s) ________________________________________ 
 
 Email __________________________________________ 
 
Thank you very much for you time.  Please feel free to use the back of this survey for 
additional comments. 
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Survey Data 
Profile     Yes/No's  
          
 Respondent 

Profile 
     Yes No 

       #
1 

9 5 

  doctor= 0    #
3 

12 0 

  nurse= 6    #
5 

10 4 

  caregiver= 7       
  tech= 1       
  wheelchair 

user= 
0       

  aid= 0       
          
 User Profile         
           
  difficult to 

walk= 
5        

  bear own 
body 
weight= 

10        

  much 
movement
= 

4        

  some 
movement
= 

3        

           
  Customer Wants      
  Cost Appearance Sturdy Easy to 

maintain
Easy to 
convert

Safe to 
use 

Simple to 
use 

Other 

 1 6 7 3 4 5 1 2  
 2 1 7 5 6 2 3 4  
 3 7 6 3 2 5 1 4  
 4 6 7 4 5 3 1 2  
 5 5 7 2 4 6 1 3  
 6 6 7 5 4 3 1 2  
 7 6 7 2 5 3 1 4  
 8 7 6 4 5 3 1 2  
 9 6 7 5 4 2 3 1  

 4



 10 6 7 3 4 5 1 2  
 11 6 5 1 7 4 2 3  
 12 7 6 3 5 1 2 4  
 13 4 7 2 3 6 1 5  
 14 1 7 5 6 4 2 3 8 
 avg 5.3 6.6 3.4 4.6 3.7 1.5 2.9 8.0 
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Performance                             
Sturdy     3   3   9 4 1 5 1.0 5.0 20.0 0.30 
Easy to maintain   1 1     1   3 1 3 1.0 3.0 9.0 0.14 
Easy to convert 3 9 3 9     3 4 1 4 1.0 4.0 16.0 0.24 
Simple to use   3           4 3 4 1.0 1.3 5.3 0.08 

Features                             
Affordable           9   2 5 4 1.0 0.8 1.6 0.02 
Appearance             1 1 1 2 1.0 2.0 2.0 0.03 
Safe to use 9 3 3 3 1   9 5 2 5 1.0 2.5 12.5 0.19 
Less stress on patient   3 3   9     4 2 4 1.0 2.0 8.0 0.12 

Technical Importance 2.4 3.47 2.69 2.73 2.18 0.35 5.16      66.4 1.0 
Competitive Analysis                      
Physically moving patient 1.0 4.0 1.0 5.0 1.0 5.0 1.0        
Target Value 4.0 5.0 3.0 5.0 4.0 5.0 3.0        

Units 

m
in

 # 

in
/s

2  

lb
 

de
g $ in
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APPENDIX B 

MANAGEMENT 
 

Budget 
 
Item Source Donated Cost to 

Purchase 
45 ft 7/8” dia chrome plated 
steel tubing 

TI X  

2 24” wheels w/ bearings TI X  
2 8” wheels w/ bearings TI X  
1 seat w/ arm pads TI X  
2 brakes TI X  
2 foot rests TI X  
25 hrs. welding service Daniel Lintz X  
2 - 1 ½” bore hyd cyl Parker Hannifin X  
Hand pump Power Team  $275 
Washers McMaster Carr  $4 
Pins McMaster Carr  $15 
2 – 6’ lengths carbon steel 
tubing 

McMaster Carr  $20 

Rectangular bar American Metal  $25 
Pivot rods OCAS X  
TOTAL   $339 
 

Customer Satisfaction Survey 
 
Please rate this product in the following categories. 
 
Sturdiness 
 
Excellent  Good  Satisfactory  Fair   Poor 
 
Simplicity: the wheelchair is not too complicated 
 
Excellent  Good  Satisfactory  Fair   Poor 
 
Ease of conversion: it does not take too much effort to convert the wheelchair. 
 
Excellent  Good  Satisfactory  Fair   Poor 
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Schedule 
 
Winter 
 January February March 
Task 1 6 13 20 27 3 10 17 24 3 10 
Research X X X X X X X X X X X 
Survey X X X X X X X     
3 alternative concepts X X          
Proof of design specs X X X         
Customer issues    X        
QFD/Selection method     X       
Frame      X X X    
Linkage       X X X   
Design adjust        X X X X 
Design freeze       X X X X  
Design report       X X X X X 
Order parts           X 
 
 
 
Spring 

 March April May 
Task 24 31 7 14 21 28 5 12 19 26 
Order parts X X X X X X     
Adjust design X X X X X X     
Construct linkage   X X X X     
Construct frame  X X X X X     
Assembly    X X X     
Testing     X X X X   
Sign off        X   
Display        X   
Expo        X   
Presentation        X   
report         X X 
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APPENDIX C 

DESIGN SPECIFICATIONS 
 

Bill of Materials 
 
Qty. Description Part No. 
45 ft 7/8”dia, chrome plated steel tubing DON1 
22 Zinc-plated steel 7/16”ID, 1”OD, 0.064” thick washer 98026A031 
12 Brass semi-tubular rivet, ¼” shank, ½”head, ½”length 97451A691 
11 ft 1”X3/16” low carbon steel bar 8910K126 
18 in ½” steel tubing CAS1 
18 in 5/8”X5/8” square steel bar CAS2 
1 Single speed, 2-way valve, hand pump P12 
1 2 - 1 ½” bore hydraulic cylinder 2MA 
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3D Bottom of Frame 
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2D Bottom of Frame 
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3D Seat Frame 
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2D Seat Frame 
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3D Backrest 
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2D Backrest 
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3D Footrest 
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2D Footrest 
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Link 1 
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Link 2 
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Link 3 
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Link 4 
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Link 5 
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Link 6 
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Link 7 
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Upright Position Forces 
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Reclined Position Forces 
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Intermediate Position 1 Forces 
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Intermediate Position 2 Forces 
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CALCULATIONS 
Pivot Rods 

 
Worst case at point B is 250 lb.  Resolved into components gives 144.4 lb force for torsion. 
 
T = F*4” = 144.4 lb * 4 in = 577.6 in-lb 
 
5/8 in X 5/8 in square steel rod: 
 
τmax = 577.6 lb / (0.208 * 0.625 in * 0.6252 in) = 11,374 psi 
 
φmax = (577.6 lb * 4 in)/(0.1406 * 0.625 in * 0.6252 in * 11.2E6 psi) = 0.0096 
 
 

Frame / Lift Support 
 
5/8 in X 3 in rectangular steel bar: 
 
A = 1.875 in2 

 

I = 1/12 * 3 * 0.6253 = 0.06104 in4 

 
σ = (2363 in-lb * 0.625 in)/(0.06104 in4) = 12,098 psi 
 
σN = 24,196 psi 
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Forces by Human 
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Bending Stress in Links 
 
 
 
 
 
 
M = 488 lb * 0.1875 in = 91.5 in-l
 
 
 
 
I = 1/12 * 1 in * 3/16 in = 0.00054
 
σ = (91.5 in-lb * 0.09375 in)/0.000
 
σN = 31,250 psi 
 
σy = 36,000 psi 
 
 

Tensile/Compression Stres
 
 
 
    
 

 
3/16”  

σ = 488 lb / 0.1875 in2 = 2603 psi 
 
σN = 5602 psi 
 
σy = 36,000 psi 
 
 

Shear Force in Pins 
 
 
 
     F 
 

 
 
τ = 488 lb / 0.0491 in2 = 9942 psi 

 

F

b 

9 in4 

549 in4 

s in Links 

A = 1 in * 3/16 in = 0.1875 i

A = π * (0.25 in /2)2 = 0.049

26
1”
n2 

1 in2 
3/16”
M
 1”



τN = 19,884 psi 
 
Pin C has three links: 
 
 
 
 
 
 
 
 
τ = 488 lb / (2 * 0.0
 
τN = 9938 psi 
 
τy = 36,000 psi 
 
 

Bearing Str
 
Hole diameter = 0.2
 
Aproj = 0.1875 in * 
 
σ = 488 lb / 0.0473
 
σN = 20,640 psi 
 
σy = 36,000 psi 
 
 

Hydraulics 
 
F = 288 lb (max) 
 
A = π * 0.75^2 = 1
 
P = F / A = 288 lb /
 

 

F

491 in2) = 4969 psi 

ess in Links 

522 in 

0.2522 in = 0.0473 in2 

 in2 = 10,320 psi 

 stroke = 5 in  1 ½” bore 

.767 in2 

 1.767 in2 = 163 psi 
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VENDOR SPECIFICATIONS 
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